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აკადემიკოსი გოჩა ჩოგოვაძე 
 
კათედრის პირველი გამგე (1971-1980). იუნესკოს 
(პარიზი) განყოფილების გამგე - „ინფორმატიკა 
განათლებაში“ (1981-1986). საქ. პარლამენტის წევრი, 
პარლამენტის „მეცნიერებისა და განათლების“ 
კომიტეტის თავჯდომარე (1986-1988). სტუ-ს 
რექტორი (1988-1994). საქართველოს საგანგებო და 
სრულუფლებიანი ელჩი საფრანგეთსა და ესპანეთში 
(1994-2004). იუნესკოს გენერალური დირექტორის 
მრჩეველი (2004-დღემდე). მრავალი მონოგრაფიის, 
სამეცნიერო ნაშრომისა და გამოგონების, საზღვა-
რგარეთ გამოქვეყნებული სამეცნიერო-პოპულარუ-
ლი პუბლიკაციის ავტორი 
პროფესორი გიორგი გოგიჩაიშვილი 
 
მას-კათედრის გამგე (1981 წლიდან დღემდე).   
საქართველოს მეცნიერებათა აკადემიის წევრ-
კორესპონდენტი. კომპიუტერულ მეცნიერებათა 
და სისტემების საერთაშორისო აკადემიის 
აკადემიკოსი. არის მრავალი სახელმძღვანელოს, 
მონოგრაფიის და სამეცნიერო ნაშრომის 
ავტორი. მიღებული აქვს  „ღირსები ორდენი“ 
და სტუ-ს უმაღლესი ჯილდო „გიორგი 
ნიკოლაძის” მედალი. მისი ხელმძღვანელობით 
დაცულია 50-ზე მეტი დისერტაცია „მართვის 
ავტომატიზებული სისტემების“ მიმართულებით.  
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მივესალმები „მართვის ავტომატიზებული 
სისტემების“ კათედრის დაარსების 45-ე წლისთავს და 
მისი დამაარსებლების, აკადემიკოსის გოჩა ჩოგოვაძის და 
პროფესორ გიორგი გოგიჩაიშვილის დაბადების 75 წლის 
იუბილეს !   
ამ ხნის განმავლობაში კათედრამ დიდი წვლილი 
შეიტანა ქართული საინჟინრო სკოლის ჩამოყალიბებასა 
და განვითარებაში საინფორმაციო ტექნოლოგიების 
სფეროში. კათედრის მთელ კოლექტივს ვუსურვებ 








Коллектив кафедры Кибернетики МИФИ сердечно 
поздравляет кафедру АСУ ГТУ со славным сорокапятью-
летием и желает дальнейших творческих успехов на благо 
народа Грузии. Кафедру Кибернетики МИФИ и кафедру 
АСУ ГТУ связывают давние дружеские отношения. Они 
касались, прежде всего, научных связей, выражающихся в 
совместной подготовке аспирантов и докторантов, 
организации научных семинаров и конференций, подготовке 
научных публикаций.  
Несомненно, реальными инициаторами этих связей 
были Гоча Георгиевич Чоговадзе и Лев Тимофеевич Кузин – 
первые заведующие кафедр АСУ  (Тбилиси) и Кибернетики 
(Москва). Эти две незаурядные личности сделали очень 
много не только в организации совместной научной работы, 
но и в более тесном сближении коллективов кафедр.  
Лично для меня они открыли Грузию, прекрасную 
страну, с талантливым народом, умеющим учиться, 
трудиться и прекрасно, неповторимо отдыхать. Я всегда рад 
приехать в Грузию, чтобы встретить и обнять старых 
друзей. Я надеюсь, что искреннее чувство уважения между 
нашими народами есть и останется в веках. 
   Щукин Борис Алексеевич, 
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ADMINISTRATION PRINCIPLES OF E-LEARNING PLATFORM BY THE EXAMPLE OF SYSTEM „ILIAS“. 
Gvinepadze G., Tielidze Z. // ПРИНЦИПЫ ПРОГРАММИРОВАНИЯ ПЛАТФОРМЫ ЭЛЕКТРОННОГО 
ОБУЧЕНИЯ И УПРАВЛЕНИЯ ЕЮ НА ПРИМЕРЕ СИСТЕМЫ „ILIAS“. Гвинепадзе Г., Тиелидзе З.  
 Srobis procesis analizi mikrokontroleruli marTvis avtomatize-
buli sistemis Seqmnis mizniT. avTandil bardaveliZe, irakli baSeleiSvili, xaTuna 
bardaveliZe // ANALYZE OF DRYING PROCESS IN ORDER TO CREATE MICROCONTROLLER 
AUTOMATED MANAGEMENT SYSTEM. Bardavelidze A., Basheleishvili I., Bardavelidze Kh. // АНАЛИЗ 
ПРОЦЕССА СУШКИ С ЦЕЛЬЮ СОЗДАНИЯ МИКРОКОНТРОЛЛЕРНОЙ СИСТЕМЫ АВТОМАТИЗИРО-
ВАННОГО УПРАВЛЕНИЯ. Бардавелидзе А., Башелеишвили И., Бардавелидзе Х. 
 satendero biznesprcesebis modelireba da avtomatizacia. xatia qristesiaSvili, 
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 sakredito portfelis marTvis analizi da monitoringis struqtu-
ruli modelis SemuSaveba. mariam dvaliSvili // CREDIT PORTFOLIO MANAGEMENT 
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marTvis avtomatizebuli sistemebi da programuli inJineria – 
inovaciebi sauniversiteto ganaTlebis sferoSi 
goCa CogovaZe, arCil frangiSvili, giorgi gogiCaiSvili,  
vaJa didmaniZe, gia surgulaZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba informatikis, rogorc kompleqsuri, interdisciplinaruli mecnierebis 
arsis, misi struqturuli komponentebis analizis, Tanamedrove mdgomareobisa da 
ganviTarebis tendenciaTa sakiTxebi. gadmocemulia stu-s `marTvis avtomatizebuli 
sistemebis” departamentis misia, istoriuli roli da bolo wlebis miRwevebi 
organizaciuli marTvis sainformacio sistemebis obieqt-orientirebuli modelirebis, 
daproeqtebis da programuli realizaciis mimarTulebiT. vrcladaa warmodgenili 
programuli inJineriisa da monacemTa menejmentis Tanamedrove fundamenturi sakiTxebis 
swavlebisa da kvlevis programebi da mimarTulebebi. ganixileba hibriduli programuli 
platformebi, enebi da freimvorkebi, romlebic farTod gamoiyeneba aSS-is, didi britaneTis, 
germaniis da sxva mowinave qveynebis universitetebSi. asaxulia is ZiriTadi inovaciuri 
saganmanaTleblo-samecniero mimarTulebebi, romlebic saqarTvelos teqnikuri universi-
tetis 45-wlis iubilar - `marTvis avtomatizebuli sistemebis (programuli inJineriis)“ 
kaTedrazea warmodgenili umaRlesi ganaTlebis sferos bolo aTwleulis reformebis 
fonze. 
sakvanZo sityvebi: informatika. marTvis avtomatizebuli sistemebi. programuli 
inJineria. ganaTleba. axali informaciuli teqnologiebi. 
 1. Sesavali: mokle istoria 
informatikul mecnierebaTa kavSiri sazogadoebis ganviTarebis donesTan aSkaraa. rac 
ufro maRalia sazogadoebis informatizaciis done, miT ufro srulyofilia misi 
mentaliteti, miT ufro adaptirebadia igi swrafadcvlad garemoSi. kompiuteruli teqnika 
da teqnologiebi am garemos aqtiuri komponentebia. maTi codna ki xSirad ganmsazRvrelia 
axalgazrdobis SromiTi dasaqmebis sferoSi. amitomac, gasakviri araa is didi moTxovnileba, 
romelic dReisaTvis arsebobs praqtikuli da gamoyenebiTi informatikis, kerZod ki 
kompiuteruli sistemebisa da teqnologiebis mcodne sainJinro kadrebze. 
stu-s `informatikisa da marTvis sistemebis” 
fakulteti (adre spi-s `avtomatikisa da gamoTvliTi 
teqnikis” fakulteti) yovelTvis idga postsabWouri 
qveynebis universitetebis mowinave institutebis rigSi. 
kavkasiaSi pirveli `marTvis avtomatizebuli 
sistemebis~ kaTedra TbilisSi Seiqmna 1971 wels, 
axalgazrda mecnieris, docent goCa CogovaZis 
iniciativiT. igi iyo kaTedris damfuZnebelic da misi 
pirveli gamgec 1971-1980 wlebSi.  
45 wlis manZilze kaTedram gamouSva 3000-ze meti 
kvalificiuri inJineri informaciis damuSavebisa da 
marTvis avtomatizebuli sistemebis specialobiT [1].  
akademikosi goCa CogovaZe  
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zogierTi istoriuli fragmenti kaTedris daarsebidan dRemde ase gamoiyureba:  
• 1974 wels Sedga kaTedris kursdamTavrebulTa pirveli gamoSveba; 
• 2001 wels dafuZnda „germania-saqarTvelos erToblivi saswavlo-samecniero centri 
`GeoGer”, 2010 wlamde xdeboda germanulenovani jgufebis specialistebis gamoSveba;  
• daculia mecnierebaTa doqtoris (7), mecnierebaTa kandidatis (30) da akademiuri 
doqtoris (40) xarisxis misaniWebeli disertacia;  
• gamocemulia 180-ze meti saswavlo da samecniero wigni studentebisaTvis;  
• 2006 wels dafuZnda saerTaSoriso samecniero Sromebis krebuli „marTvis avtomati-
zebuli sistemebi“, romelic dRemde gamoicema periodulad. 2015 wels mieniWa online 
statusi;   
• 2010 wels Seiqmna `IT-konsaltingis” samecniero-kvleviTi centri, romelic exmareba 
doqtorantebs da axalgazrda specialistebs axali informaciuli teqnologiebis aTvisebasa 
da samecniero publikaciebis momzadebaSi. gamoscems samecniero da sakonsultacio-meTodur 
literaturas;  
• Catarebulia 20-ze meti saerTaSoriso da respublikuri samecniero-teqnikuri 
konferencia; 
• kaTedraze sxvadasxva dros samecniero staJireba da magistratura gaiara germaniis, 
TurqeTis, nepalis da sxva qveynebis moqalaqeebma; 
• Cveni kursdamTavrebulebi da yofili kolegebi amJamad moRvaweoben amerikaSi, kanadaSi, 
safrangeTSi, germaniaSi, ruseTSi, avstraliasa da sxva qveynebSi; 
• 2011-2015 wlebSi Cveni kaTedris doqtorantebma gaimarjves rusTavelis erovnuli 
samecniero fondis sagranto konkursebSi axalgazrda mecnierTa da doqtorantebs Soris 
(e. Turqia, m. giutaSvili, z. arxoSaSvili, giorgi surgulaZe da ana gavardaSvili). 
stu-s informatikisa da marTvis sistemebis fakultetis mizania Tanamedrove donis, 
maRalkvalificiuri inJinrebis momzadeba kompiuterul mecnierebebSi da saganmanaTleblo-
samecniero procesebis xarisxis srlyofa boliniis konvenciis Sesabamisad evropis 
saerTaSoriso sauniversiteto sivrceSi CasarTavad.         
`marTvis avtomatizebuli sistemebis“ kaTedris misia studenti-axalgazrdobis aRzrda 
da ganaTlebaa gamoyenebiTi informatikis specialobis sainJinro mimarTulebiT. kaTedris 
mecnieruli mimarTulebis kompleqsuri xasiaTi, romelic moicavs biznes-procesebis marTvis 
sainformacio sistemebis obieqt-orientirebuli analizis, avtomatizebuli daproeqtebis, 
programuli developmentis, testirebisa da danergva-eqspluataciis safexurebs, 
mniSvnelovnad gansazRvravs misi saganmanaTleblo programis, laboratoriuli bazis, 
saswavlo-meToduri literaturis da maRalkvalificiuri leqtorebis arsebobis 
aucileblobas.       
dRidan daarsebisa kaTedraze yovelTvis aqtualuri iyo studentTa CarTva samecniero 
da saproeqto-saxelSekrulebo Temebis Sesrulebis procesebSi, maTi momzadeba samecniero 
konferenciebisa da koloqviumebisaTvis (sur.1).  
`marTvis avtomatizebuli sistemebi” aris informatikis, rogorc interdisciplina-
ruli mecnierebis erT-erTi mimarTuleba, romelic `adamian-manqanuri” sistemebis Seqmnis 
Teoriasa da praqtikas Seiswavlis, eyrdnoba ekonomikur-maTematikur meTodebs da 
Tanamedrove kompiuterul teqnologiebs organizaciuli sistemebis marTvis procesebis 
avtomatizaciis mizniT [2,3]. 
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sur.1. ase iwyeboda mas kaTedraze studentTa samecniero Semoqmedeba  
igi aerTianebs sakvlevi obieqtis marTvis procesebis Sinaarsobriv aRweras (semanti-
kuri modelireba), maTi gadawyvetis algoriTmuli sqemebis agebas  (logikuri modelireba) 
da kompiuteris `enaze~ am ukanasknelTa realizacias (lingvisturi modelireba). es 
sakiTxebi mWidro kavSirSia `programul inJineriasTan~, rogorc mecnieruli, aseve 
akademiuri TvalsazrisiT, rac dasmuli Tematikis kvlevis obiqti da sagania. 
rogoria `informatikis” cneba da misi struqtra ?  
informatika mecnierebaa, romelic Seiswavlis informaciis sistematizebul 
damuSavebas gamoTvliTi teqnikis saSualebiT. istoriulad igi Camoyalibda maTematikuri 
mecnierebis (gamoyenebiTi maTematika) ganviTarebis safuZvelze, gamoTvliTi teqnika ki 
saTaves eleqtroteqnikis, mikroeleqtronikisa da kavSirgabmulobis teqnikis safuZvelze 
iRebs [4]. termini `informatika~ evropaSi 70-iani wlebidan ixmareba. igi pirvelad 
germaniaSi, drezdenis samecniro konferenciaze iqna miRebuli rusi da frangi mecnierebis 
iniciativiT. amerikis da sxva qveynebis inglisurenovan literaturaSi mas Seesabameba 
Computer Science and Information Systems. gamoTvliTi teqnika informatikaSi instrumentis 
rols asrulebs. cnobili holandieli mecnieri e. diekstra werda, rom `kompiuteri igivea 
informatikaSi, rac teleskopi astronomiaSio~.   
informatikas aqvs sami ZiriTadi ganStoeba: Teoriuli informatika, praqtikuli 
informatika da teqnikuri informatika [5]. maT safuZvelze iqmneba gamoyenebiTi 
informatikis mimarTulebebi, magaliTad, ekonomikuri informatika, bioinformatika, geoin-
formatika, lingvistika da a.S. evropis qveynebSi, magaliTad germaniis universitetebSic 
informatikis institutebi (an departamentebi) aRniSnul mimarTulebaTa kaTedrebs 
aerTianebs [6].   
11 
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Teoriuli informatika (Theoretical computer science) Seiswavlis formalur enaTa 
Teorias. magaliTad, sistemuri analizi da rTuli sistemebis Teoria, simravleTa Teoria 
da logika, avtomatebisa da grafTa Teoria, petris qselebi, predikatebis aRricxva da 
relaciuri algebra, formaluri semantika da kategorialuri analizi, operaciaTa kvleva, 
ekonomikur-maTematikuri modelirebis meTodebi, optimizaciis meTodebi, masobrivi 
momsaxurebis Teoria, xelovnuri inteleqtis meTodebi da a.S. yovelive es informatikis 
formalur xerxemals warmoadgens.   
praqtikuli informatika (Practical computer science) emsaxureba informatikis sferos 
konkretuli problemebis gadawyvetas, gansakuTrebiT kompiuteruli daprogramebis 
ganviTarebas programuli uzrunvelyofis teqnologiebisTvis (Software Engineering). aq 
mniSvnelovania daprogramebis enebi, operaciuli sistemebi, monacemTa da codnis bazebis 
marTvis sistemebi [7]. igi gamoimuSavebs ZiriTad koncefciebs iseTi standartuli amocanebis 
gadasawyvetad, rogoricaa informaciis Senaxva da marTva monacemTa struqturebis 
saSualebiT. mniSvnelovani adgili uWiravs aq manqanur algoriTmebs, romlebic rTuli da 
xSiradgamoyenebadi amocanebis avtomatizebul gadawyvetas emsaxureba. praqtikuli 
informatikis centraluri da mudam aqtualuri Temaa rTuli gamoyenebiTi sistemebis 
(Windows- da Web-aplikaciebis) agebis programuli teqnologiebis Seqmna da ganviTareba. 
esaa struqturuli, obieqt-orientirebuli da vizualuri daprogramebis meTodebi, 
unificirebuli modelirebis ena (UML) da eqstremaluri programirebis (Agile) 
teqnologiebi, maTi avtomatizebuli daprogramebis realizaciis (CASE) instrumentuli 
saSualebani [8-10].   
teqnikuri informatika (Computer engineering) Seiswavlis informatikis teqnikuri 
uzrunvelyofis (Hardware) safuZvlebs, rogoricaa mikroprocesoruli teqnika, 
kompiuteruli arqiteqturebi, qseluri da komunikaciuri sistemebi, kontrolerebi da 
periferiuli mowyobilobani, robototeqnikuri da sensoruli sistemebi da a.S. igi uSualo 
kavSirSia eleqtroteqnikasTan, gansakuTrebiT cifrul teqnologiebTan, agreTve logikasa 
da diskretul maTematikasTan, gadamrTvel sqemaTa TeoriasTan. bolo wlebSi 
gansakuTrebuli yuradReba eqceva multimediuri teqnologiebis Seqmnas da ganviTarebas, 
rac kompiuteruli audio-vizualuri sistemebis agebis safuZvelia [4].  
gamoyenebiTi informatika (Applied informatics) farTo speqtris mecnierebaa. igi 
eyrdnoba Teoriul, praqtikul da teqnikur informatikaTa miRwevebs da Seiswavlis maT 
pragmatul gamoyenebas sxvadasxva dargebis (ekonomika da biznesi, iurisprudencia, 
energetika, mrewveloba, transporti, medicina, soflis meurneoba, ganaTleba, enaTmecniereba 
da sxv.) rTuli teqnologiuri procesebis kompiuterizaciis, informaciuli sacavebis 
Seqmnisa da administrirebisaTvis, nanoteqnologiebis programuli mxardaWeris ganviTare-
bisaTvis [11-13]. gadawyvetilebaTa miRebis mxardamWeri kompiuteruli sistemebi yoveli 
dargis aucilebeli instrumenti xdeba [14]. eqspertuli sistemebi mniSvnelovan rols 
asrulebs Tanamedrove diagnostikisa da prognozis amocanebis gadasawyvetad [15]. 
2. marTvis avtomatizebuli sistemebi da programuli inJineria  
gamoyenebiTi programuli aplikaciebis Seqmnis safuZvelia `programuli inJineriis” 
anu programuli teqnologiebis (Software Engineering) meTodologiebi. maTi saSualebiT 
xorcieldeba asagebi programuli sistemis sasicocxlo ciklis etapebis marTva (nax.2). 
Cven ganvixilavT im meTodologiebs, meTodebs da instrumentebs, romlebic dainerga 
`marTvis avtomatizebuli sistemebis” kaTedris saswavlo procesSi bolo 10 wlis 
ganmavlobaSi inovaciuri disciplinebis saxiT.  
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nax.2. ganteris modeli programuli uzrunvelyofis sasicocxlo ciklis  
sakontrolo wertilebiT 
 obieqt-orientirebuli daprogrameba erT-erTi aqtualuri da mZlavri meTodo-
logiuri saSualebaa Tanamedrove informaciul teqnologiebSi. misi mizania didi da rTuli 
programuli sistemebis konstruireba. igi Tvisebrivad axali koncefciebis matarebeli 
daprogramebis teqnologiaa sistemebis obieqt-orientirebuli analizisa da obieqt-
orientirebuli daproeqtebis meTodebiTa da realizaciis moqnili instrumentuli 
saSualebebiT [16,17]. am mimarTulebis erT-erTi damaarsebelia texasis universitetis 
profesori, danieli biarn straustrupi, romelmac Camoayaliba obieqt-orientirebuli 
daprogramebis ZiriTadi Teoriuli safuZvlebi: klasebi da obieqtebi, monacemTa 
abstraqtuli tipebi, memkvidreobiToba da polimorfizmi da a.S. [18]. misi saxelmZRvanelo 
C++ enis Sesaxeb pirveli iyo, romliTac iswavleboda amerikis, evropisa da saqarTvelos 
teqnikuri universitetis Sesabamis specialobebze [19]. dReisaTvis msoflioSi 2000-mde 
daprogramebis enaa Seqmnili da maTi ganviTareba jerac ar damTavrebula (nax.3)  
nax.3. daprogramebis enebis ganviTarebis tendenciebi 
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am enebma garkveuli roli Seasrula Tanamedrove kompiuteruli teqnologiebis 
Seqmnisa da ganviTarebis saqmeSi. daprogramebis enebis klasifikacia maTSi realizebuli 
meTodebisa da stilis TvalsazrisiT xorcieldeba: universaluri proceduruli, 
funqcionaluri, logikuri, skriptuli, obieqt-orientirebuli, vizualuri da a.S. [2,20].  
 monacemTa bazebis marTvis sistemebi kompiuteruli daprogramebis enaTa 
mniSvnelovani, relaciebze orientirebuli originaluri klasia, romelic ingliseli 
mecnieris, edgar-frank kodis (gardacvalebamde-2003 moRvaweobda amerikaSi, informatikis 
sferoSi udidesi RvawlisTvis 1981 w. mieniWa tiuringis premia) monacemTa manipulirebis 
enis ALFA-s proeqtidan iRebs saTaves [21,22]. sistemebi MsAccess, MySQL, MsSQL Server 
da Oracle obieqt-orientirebuli ganawilebuli relaciuri bazebis marTvis sistemebia, 
romlebic dRes farTod gamoiyeneba organizaciebSi. bolo periodSi yuradRebas iqcevs ara-
relaciuri bazebic (magaliTad, dokumentebze orientirebuli monacemTa baza - MongoDB), 
romlebic superdid bazebisTvis bevrad swrafad muSaobs [23]. NoSQL tipis bazebSi ar 
gamoiyeneba relaciuri operaciebi (Join-is msgavsi).    
aqtualurad iTvleba monacemTa bazebis daproeqtebis avtomatizacia. am mizniT 
gamoiyeneba obieqt-roluri modelirebis teqnologia [24,25]. Cven kaTedraze SemuSavebulia 
specialuri meTodika da sakonsultacio samuSaoebi doqtorantebisTvis, romlebic Ms 
Visual Studio.NET-2013/15 integrirebul garemoSi Natural ORM Architect paketis daxmarebiT 
interaqtiul reJimSi ageben sakvlevi obieqtis konceptualur ORM-models, romlidanac 
momdevno etapebze generirdeba arsTa-damokidebulebis modeli (Entity-Relationship-Model) da 
DLL-failebi. am ukanaskneliT ki avtomaturad iqmneba monacemTa fizikuri baza, magaliTad, 
MsSQL Server-isTvis [26].  am sakiTxebis gafarToebiTa da ganviTarebiT Seiqmna codnis 
bazebis mimarTuleba, romelic farTod gamoiyeneba xelovnuri inteleqtis da eqspertul 
sistemebSi [7,27]. 
 daprogramebis teqnologiebis (Software Engineering) ganviTarebasa da populariza-
cias xeli Seuwyo NATO-s egidiT 1968/69 w. Catarebulma konferenciam `Software Engine-
ering“. dRes ki Computer Aided Software Engineering (CASE) teqnologiebi udavod SeiZleba 
CaiTvalos kompiuteruli daprogramebis enebisa da instrumentebis umaRles mwvervalad.  
kompiuteruli teqnologiebis Semdgomma ganviTarebam, axali Taobis manqanebis da super 
monitorebis Seqmnam dasabami misca mZlavri grafikuli saSualebebis ganviTarebas. daiZra 
axali talRa daprogramebis istoriaSi. 
magaliTad, .NET-garemoSi axali, teqno-
logiebis saxiT: WPF, WF, WCF, 
ADO.NET, ASP.NET, Silverlight, MVC da 
a.S. (nax.4) [28]. aseTi hibriduli da 
`msubuqi” teqnologiebis Teoriuli 
safuZveli obieqtorientirebuli anali-
zis da obieqtorientirebuli daproeq-
tebis meTodebia. maT bazaze ki Seiqmna 
unificirebuli modelirebis ena (UML-
Unified Modeling Language), rogorc 
uaxlesi standarti didi programuli  
proeqtebis gadasawyvetad (nax.5) [16]. 
nax.4. aplikaciebis agebis hibriduli teqnologiebi  
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aseTi grafo-analizuri enis ganviTare-
baSi gansakuTrebuli wvlili Seitanes IBM 
(Rational Rose) firmis mecnierebma: gradi 
buCma, ivar jakobsonma da jeims rambom [2,9].   
UML teqnologia Teoriul-praqtiku-
li informatikis bazaze Camoyalibda. igi 
ganawilebuli avtomatizebuli sistemebis 
daproeqtebis meTodologiuri safuZvelia, 
romlis koncefciiTac Seiqmna iseTi instru-
mentebi, rogoricaa Rational Rose, Enterprise 
Architect, ParadigmPlus, MsVisio da sxv. [9,31]. 
programuli paketebis agebis procesis 
standartizacia sami ZiriTadi mimarTulebis 
`genetikuri~ memkvidrea: daproeqtebis avto-
matizacia, daprogramebis avtomatizacia da 
monacemTa bazebis agebis avtomatizaca [32]. 
marTvis avtomatizebuli sistemebis programuli uzrunvelyofis agebis procesebis 
aseTi srulfasovani avtomatizacia vizualuri modelirebis saxelwodebiT damkvidrda. igi 
modelebis grafikul warmodgenas eyrdnoba da flobs moqnil reversul teqnologias [33].  
aseT programul instrumentebSi sayuradRebo adgili uWiravs, rogorc zemoT 
aRvniSneT, obieqt-rolur modelirebas (ORM), romelTa saSualebiT, kategorialuri 
midgomis safuZvelze xorcieldeba monacemTa da codnis bazebis [7], kognituri sistemebis 
[34], agreTve monacemTa sacavebis daproeqtebis procesebis avtomatizacia [35]. me-6 naxazze 
naCvenebia ORM- diagramis sailustracio fragmenti Semdegi faqtebiT:  
• f1-departaments aqvs saxeli; 
• f2 departamentis 1-el kursze swavlobs 200 studenti.  
 
nax.6. ORM-diagramis fragmenti 
 
 korporaciuli monacemTa sacavebis Seqmna Tanamedrove sainformacio teqnologiebis 
erT-erTi uaxlesi da aqtualuri mimarTulebaa [35].   
monacemTa sacavi (Data warehouse) ganixileba rogorc romelime konkretuli 
organizaciis an didi sawarmosTvis gankuTvnili specialuri super-baza, sadac mimdinare 
operatiuli samuSaos Sesrulebisas Tavs iyris qronologiur informaciaTa mTeli speqtri, 
romelTa daniSnulebacaa momxmareblisTvis internet gverdebze miznobrivad ganlagebuli 
teqsturi, grafikuli da audio-vizualuri sainformacio blokebis miwodeba. me-7 naxazze 
mocemulia ganawilebuli avtomatizebuli marTvis sistemis monacemTa sacavis zogadi sqema.  
nax.5. UML teqnologiis 4-etapi:  
statikuri da dinamikuri modelebiT 
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nax.7. monacemTa sacavis zogadi sqema 
 
monacemTa sacavis muSaobis principi aseTia: pirvel etapze Dwh-is gamoyenebiT 
relaciur bazebSi erTad Tavmoyrili monacemebi lagdeba garkveuli struqturuli 
TanamimdevrobiT, xdeba maTi `dawmenda~. meore etapze warmoebs informaciis teqnologiuri 
damuSaveba OLAP (Online Analytical Processing) monacemTa operatiuli analizis gamoyenebiT. 
mesame etapze es monacemebi momxmareblebs miewodebaT internetis saSualebiT. informaciuli 
blokebi, romlebic monacemTa sacavebSia ganawilebuli, mizanmimarTulad Tavsdeba internet 
gverdebze da xelmisawvdomia farTo momxmareblisTvis.  
OLAP unikaluri instrumentia, romelic saSualebas iZleva informaciis mraval-
ganzomilebiani analizis Casatareblad. igi relaciuri tipis monacemTa sacavebisa da 
monacemTa bazebisTvisaa efeqturad gamoyenebadi. sayuradReboa, rom relaciuri bazebis 
fuZemdebelma e. kodma Camoayaliba (1993 w.) operatiuli analizis OLAP-instrumentis 
safuZvelze monacemTa sacavebis daproeqtebisa da funqcionirebis principebi [22]. es 12 
wesia, romelsac unda akmayofilebdes nebismieri ganawilebuli avtomatizebuli sistema 
monacemTa sacaviT, raTa Catardes sainformacio blokebis srulfasovani operatiuli 
analizi: 1) monacemTa mravalganzomilebiani konceptualuri warmodgena; 2) gamWvirvaleoba; 
3) miRwevadoba; 4) angariSTa damuSavebisas mudmivi warmadoba; 5) klient-serveris arqiteq-
tura; 6) generirebadi mravalganzomilebianoba; 7) dinamikuri marTvis reJimi; 8) mraval-
momxmareblianoba; 9) SeuzRudavi ganzomilebis damuSavebis operaciebi; 10) monacemTa 
intuiciuri manipulacia; 11) angariSebis miRebis moqnili saSualeba; 12) SeuzRudavi zomebi 
da agregaciaTa raodenoba [35,36].  
 korporaciuli qselebi (MAN – Metropolitan Area Network) ganawilebuli 
monacemTa sacavebis aucilebeli elementia. maTi ganviTareba bolo aTwleulSi Seuqcevadi 
procesia da principulad axal amocanebs uyenebs informatikosebs. Tu lokalur 
kompiuterul qselebSi (LAN – Local Area Network) administrirebis problema arcTu mwvave 
iyo, korporaciul qselebSi am saqmes sakmaod meti kvalificirebuli personali emsaxureba 
da organizaciis gamarTuli muSaoba maTze didadaa damokidebuli [37-39]. korporaciuli 
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servisebis didi raodenoba, aparaturis mravalferovneba, informaciis didi moculoba, 
usafrTxoeba da Senaxvis saimedooba.  
aseTi sistemebis funqcionirebis efeqturi modelirebisa da analizisaTvis gamoiyeneba 
petris qselebi [9,13]. korporaciul qselebSi, rogorc wesi, monacemebi programebisgan 
TiTqmis srulebiT izolirebulad inaxeba. kerZod, xisti diskoebis masivebSi centrali-
zebuli saxiT. sagangebo qseluri teqnologiebi uzrunvelyofs monacemTa sacavebis marTvas 
fail-serverebis mier.  
 klasteruli arqiteqtura aris fail-serveris realizaciis yvelaze optimaluri 
teqnologia. klasteri ori an meti kvanZisgan (kompiuterisgan) Semdgari Siga qselia, 
romelic aparatul da programul doneze erTi serveris saxiTaa gaformebuli [37]. 
klasteri Seicavs winaswar gansazRvruli resursebis simravles (IP-misamarTebi, qseluri 
saxelebi, sistemuri servisebi, ganawilebuli saqaRaldeebi, gamoyenebiTi programebi da 
sxva). yoveli maTgani drois mocemul momentSi konkretuli kvanZis kuTvnilebaa, xolo 
kvanZis mwyobridan gamosvlis SemTxvevaSi specialuri klasteris sistemuri servisi mas 
avtomaturad gadaitans sxva moqmed kvanZze.  
me-8 naxazze mocemulia korporaciuli qselis marTvis sistemis izomorfuli petris 
qselis modeli [40]. igi agebulia grafo-analizuri redaqtoriT da realizebulia  mizez-
Sedegobrivi predikatuli petris qselis saxiT. uzrunvelyofs mimdevrobiTi da parale-
luri procesebis marTvas da maTi Sesrulebis droiTi parametrebis fiqsirebas. sistemis 
mTavari ofisis serveri modelirdeba petris qselis poziciiT (S). moTxovnebis 
formirebisaTvis (davuSvaT, igi akmayofilebs puasonis ganawilebas) Semotanilia random-
generatori (G). moTxovnis analizisa (I) da misi damuSavebis Sedegebi gamoicema poziciebSi 
(Oi-Sedegebi miiReba saerTo lokaluri resursebis gareSe, OLi-Sedegebi miiReba saerTo 
lokaluri resursebiT, OSi-Sedegebi miiReba saerTo globaluri resursebiT). 
 
nax.8. korporaciuli qselis fragmentis  
modeli petris qseliT 
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 `Rrublovan gaangariSebaTa” teqnologia (Cloud Computing Tehnology)  SedarebiT 
axali, magram swrafad ganviTarebadi mimarTulebaa IT-servisebis sferoSi [41-43].  2008 
wels gamoqveynda IEEE-s dokumenti, romelSic monacemTa Rrublovani damuSaveba 
gansazRvruli iyo, rogorc axali `paradigma, romlis drosac informacia mudmivad inaxeba 
















nax.9. Rrublovani gamoTvlebi 
 
SeiZleba iTqvas, rom Rrublovani gaangariSebani, rogorc resursebis ganawilebisa da 
virtualizaciis erT-erTi teqnologia, romelic resursebs da simZlavreebs awvdis 
momxmarebels internet-servisebis saxiT, usafrTxoebis TvalsazrisiT xasiaTdeba rigi 
upiratesobebiT tradiciul kompiuterTa qseluri struqturebis teqnologiebTan 
SedarebiT. amavdroulad, Rrublovani damuSavebis meSveobiT kerZo Tu korporatiuli 
informaciis Senaxva da gamoyeneba bevrad naklebi danaxarjebiT xerxdeba. 
Rrublovani teqnologia momxmarebels sxvadasxva donis servisebs sTavazobs [9]: 
infrastruqturuli servisi (IaaS - Infrastructure as a Service) - aparatuli saSualebebis 
(yvelaze martivi magaliTi: sakuTari `xisti disko RrubelSi"), operaciuli sistemebis da 
sistemuri programuli uzrunvelyofis `Rrublovani alternativa"; platformuli servisi 
(PaaS - Platform as a Service) - veb-bazirebuli da sxva, maT Soris, monacemTa bazebis marTvis 
sistemebis agebisa da marTvis saSualebaTa `Rrublovani alternativa"; programuli servisi 
(SaaS - Software as a Service) - programuli uzrun-
velyofis gamoyenebis `Rrublovani alternativa".  
amasTan unda aRiniSnos, rom informaciis 
`RrubelSi" ganTavsebaze saubrisas, uwinares 
yovlisa, igulisxmeba e.w. `gare Rrubeli" (nax.10), 
romelic informaciis Senaxvis yvelaze iafi 
saSualebaa da saukeTeso arCevania axladdafuZ-
nebuli organizaciebisTvis, romelTac kompiute-
ruli aparaturis da programuli uzrunvelyofis 
SesaZenad da dasanergad seriozuli kapitaldaban-
deba jer kidev ar ganuxorcielebia.   
nax.10. `gare Rrubeli” 
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 2003 wels iuneskos generaluri direqtoris, baton koiCiro macuuras 
mxardaWeriT stu-Si Camoyalibda iuneskos kaTedra `sainformacio sazogadoeba~. kaTedris 
gamged dainiSna akademikosi goCa CogovaZe, xolo mis moadgiled profesori vaJa didmaniZe. 
maTi iniciativiT da uSualo monawileobiT `marTvis avtomatizebuli sistemebis” 
specialobis studentebisTvis SemuSavda da saswavlo procesSi dainerga axali disciplina 
_ `informaciul-komunikaciuri teqnologiebi informaciul sazogadoebaSi (ICT IS)”, 
romelic meoTxe kursis bakalavriatis studentebs ekiTxebaT 2013 
wlidan. am sagnis mizania studentebs misces codna informaciuli 
sazogadoebis struqturis da agebis principebis Sesaxeb, raTa SemdgomSi 
SeZlon Tanamedrove informaciuli da komunikaciuri teqnologiebis 
SemoqmedebiTad gamoyeneba.  
21-e saukune informaciuli sazogadoebis aRmSeneblobis saukunea (preindustriuli, 
industriuli da postindustriuli sazogadoebebis Semdgom). informaciul  sazogadoebaSi 
ekonomikis yvela dargi da sawarmo funqcionirebs kompiuteruli teqnologiebis saSuale-
biT, informaciuli sazogadoebis ZiriTadi Sromis iaraRiT ! eleqtronuli saxelmwifo, 
mTavroba, biznesi exmareba pirovnebas da mis ojaxs dasaqmebasa da codnis miRebaSi, radgan 
informaciul sazogadoebaSi ganaTleba da mecniereba ZiriTadi prioritetebia !    
virtualuri swavleba pirovnebaze „morgebuli“  ganaTlebis swrafad da adamianisaTvis 
mosaxerxebel drosa da sivreSi miRebis saSualebas iZleva, rac amcirebs swavlis dros da 
amaRlebs mecnierebaSi CarTulobis xarisxs. distanciuri anu virtualuri, internet 
ganaTlebis axali meTodebisa da saSualebebis  SemuSaveba, informaciuli da komunikaciuri 
teqnologiebis gamoyenebiT, iZleva swrafi da xarisxiani miznis miRwevas. 
Cveni studentobis ganaTlebis TvalsazrisiT yuradRebas iqcevs baton g. CogovaZis 
Seqmnili trilogia: `infornacia”: informacia, sazogadoeba, adamiani; `globalansi” – 
globalizaciis problemebi; `biosfeeria” – ekologiuri problemebi [44-46]. 
socialuri sistemebis informatizaciis erT-erTi inovaciuri proeqti, romelic 
SemuSavda marTvis avtomatizebuli sistemebis kaTedraze, iyo `eleqtronuli saarCevno 
sistemis agebis teqnologia monacemTa multimediuri bazebis safuZvelze” [47].  
 ERP sistemebi da marketingi. mas kaTedris saswavlo procesSi ramdenime welia 
dainerga axali disciplina `biznes-procesebis modelirebis standartuli ena BPMN”, 
romelic Zalze aqtualuria, rogorc korporaciuli organizaciebis kompleqsuri 
avtomatizaciis saSualeba, ERP sistemis  saxiT - sawarmoo resursebis marTvisaTvis (nax.11) 
[30]. SemuSavda laboratoriul samuSaoTa 
kompleqsi studentebisaTvis. aq mocemu-
lia organizaciuli marTvis konkretuli 
funqciuri qvesistemebis avtomatizaciis 
sakiTxebi ERP-sistemis danergvis Sedegad, 
maT Soris logistikuri menejmentisTvis. 
SemoTavazebulia adamianuri resursebis 
marTvis, xelfasebis daricxvis sistemis, 
produqciis Sesyidvebisa da tvirTebis 
gadazidvis operatiuli marTvis procese-
bis modelireba Bizagi-instrumentiT.  




Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS -  No 1(21), 2016 
 informaciuli usafrTxoebis saerTaSoriso standartebi (BSI - British Standards 
Institution saereTaSoriso standartebis komitetis ISO wevria). BSI-standarti pasuxobs 
Semdeg kiTxvebs: ra aris marTvis sainformacio usafrTxoebis warmatebis faqtorebi ? 
rogor SeiZleba usafrTxoebis procesis marTva da monitoringi sapasuxismgeblo 
menejmentiT ? rogor xdeba usafrTxoebis miznebis da Sesabamisi usafrTxoebis strategiis 
ganviTareba ?  rogor SeirCeva usafrTxoebis zomebi da rogor iqmneba usafrTxoebis 
koncefcia (politika) ? rogor SeiZleba usafrTxoebis erTxel miRweuli donis SenarCuneba 
da srulyofa ? [10].   
menejmentis es standarti asaxavs mokled da TvalnaTliv informaciuli usafrTxoebis 
marTvis umniSvnelovanes amocanebs. am rekomendaciebis realizaciis dros BSI gvexmareba  
IT-sabazo dacvis meTodikiT. IT-sabazo dacva iZleva etapobriv instruqciebs informaciuli 
usafrTxoebis menejmentis dasamuSaveblad paraqtikaSi da konkretul zomebs informaciuli 
usafrTxoebis yvela aspeqtiT. IT-sabazo dacvis meTodika aRwerilia BSI-Standard 100-2–Si 
da da xels uwyobs saTanado donis informaciuli usafrTxoebis donis miRwevas Sesabamisi 
ekonomikuri efeqtiT [48]. amasTanave rekomendebulia IT-sabazo dacvis standartuli 
usafrTxoebis zomebis katalogebi usafrTxoebis Sesabamisi donis praqtikuli realizaci-
isTvis. informaciuli usafrTxoebis sxva saerTaSoriso standartebis saxiT Cveni studen-
tebi Seiswavlian konkretul sistemebs: COBIT-standartebi da  ITIL-biblioTeka [10].  
 ITIL meTodologia  – informaciuli teqnologiebis infrastruqturis biblioTeka 
aris IT servis menejmentis ramdenime wignis koleqcia [10,49]. igi SemuSavebul iqna 
gaerTianebuli samefos saxelmwifo komerciis mTavrobis mier (OGC).  ITIL ganixilavs  
IT-servisebis menejments IT-momsaxurebis TalsazrisiT. IT-momsaxureba SeiZleba iyos 
rogorc Siga IT-departamentis an gare servisis provaideris (nax.12). saerTo mizania IT 
momsaxurebis  xarisxis gaumjobeseba da xarjebis efeqturobis optimizacia.  
nax.12. ITIL - modeli 
 
 COBIT (Control Objectives for Information and related Technology) – kontrolis miznebi 
informaciuli da dakavSirebuli teqnologiebisTvis) aRwers riskebis kontrolis meTods, 
romelic xorcieldeba IT-danergvis saSualebiT kritikuli biznesprocesebis Sesrulebis 
mxardasaWerad [10]. COBIT-dokumentebi gaicema sainformacio sistemebis auditis da 
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kontrolis asociaciis (ISACA– Information Systems Audit and Control Association) IT marTvis 
institutis (ITGI – IT Governance Institute) mier.  COBIT-is damuSavebis dros avtorebi 
orientirebulni iyvnen usafrTxoebis menejmentis arsebul standartebze, rogoricaa ISO 
27002. 
3. daskvna 
dasasrul gvinda aRvniSnoT, rom informatika rogorc kompleqsuri mecniereba, 
Teoriuli, praqtikuli da teqnikuri aspeqtebis TvalsazrisiT, aerTianebs informaciis 
mopovebis, Senaxvis, gadamuSavebis, gadacemisa da dacvis teqnologiebs, semantikuri biznes-
procesebis maTematikuri modelirebis meTodebs, formaluri gramatikisa da unificirebuli, 
obieqt-orientirebuli, vizualuri daprogramebis instrumentul saSualebebs. pragmatuli 
aspeqtebiT igi udavod warmoadgens sistemebis marTvis zogadi Teoriis fundaments.  
stu-s `marTvis avtomatizebuli sistemebis” kaTedris saganmanaTleblo da samecniero 
miznebi da amocanebi, misi 45-wliani arsebobis manZilze, dinamikurad uwyobda fexs 
saerTaSoriso, maRali rangis universitetebis Sesabamisi specialobebis programebs da 
silabusebs. saboloo Sedegebi ki aisaxeba imiT, rom Cveni kaTedris kursdamTavrebulebi 
dasaqmebulia Cveni qveynis da sazRvargareTis mraval organizaciaSi, rogorc monacemTa 
bazebis an kompiuteruli qselebis administratorebi, biznes-analitikosebi an programist- 
developerebi, veb-dizainerebi an informaciuli usafrTxoebis menejerebi da a.S. [1]. 
winamdebare statia aris `marTvis avtomatizebuli sistemebis” kaTedris 45-wliani 
moRvaweobis mxolod nawili, rac avtorTa mier gamoqveynebuli originaluri naSromebiTaa 
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MANAGEMENT INFORMATION SYSTEMS AND SOFTWARE ENGINEERING - 
INNOVATIONS IN UNIVERSITY EDUCATION 
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Summary 
 
The article discusses topics of Informatics - of an interdisciplinary, complex science, analysis of 
its structural components, as well as its current state and development trends. The present article also 
discusses the mission of MIS department at GTU, its historical role and latest achievements in the areas 
of organizational systems, management information systems, object-oriented modeling, design and 
software development. The article vastly covers teaching and research programs and directions in regard 
of modern software engineering and data management topics. The article also deals with new, hybrid 
software platforms, languages and frameworks, that are widely used in the Universities of leading 
countries like the US, UK, Germany and others. Basic innovations are discussed in educational and 
scientific directions, which are present at the department of MIS (Software Engineering) of GTU, after 
45 years since it was founded, against the background of reforms that have taken place in education area 
during the past 10 years. 
 
 
АВТОМАТИЗИРОВАННЫЕ СИСТЕМЫ УПРАВЛЕНИЯ И ПРОГРАММНАЯ 
ИНЖЕНЕРИЯ -  ИННОВАЦИИ В ОБЛАСТИ УНИВЕРСИТЕТСКОГО ОБРАЗОВАНИЯ 
Чоговадзе Гоча, Прангишвили Арчил, Гогичаишвили Георгий, 
Дидманидзе Важа, Сургуладзе Гия 
Грузинский Технический Университет  
Резюме 
Обсуждаются вопросы информатики – как междисциплинарной, комплексной  науки, 
анализа ее структурных компонентов, их текущего состояния и тенденции развития. Излагаются   
миссия и историческая роль кафедры АСУ ГТУ и ее последние достижения в области объектно-
ориентированного моделирования, проектирования и разработки программного обеспечения 
информационных систем для организационного управления. В статье представлены 
современные фундаментальные вопросы учебных и исследовательских программ и направлений 
программной инженерии и управления данными. Рассматриваются новые, гибридные 
программные платформы, языки и фреймворки, которые широко используются в университетах 
США, Великобритании, Германии и других стран. Представлены те основные инновационные 
образовательно-научные направления, которые внедрены в учебный процесс  45-летней кафедры 
АСУ ГТУ, особенно на фоне реформ в области образования за последние 10 лет. 
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ФОРМИРОВАНИЕ АНАЛИТИЧЕСКОЙ МОДЕЛИ ДЛЯ ИССЛЕДОВАНИЯ 
ПАРАМЕТРОВ ТЕЛЕКОММУНИКАЦИОННОЙ СЕТИ 
Камкамидзе Константин, Двалишвили Михаил, Камкамидзе Елена 
Грузинский Технический Университет 
Резюме 
Поставлена задача создания аналитической модели распространения угрозы запрещенной 
информации в телекоммуникационных сетях. Для получения экспериментальных результатов 
для синтезирования аналитической модели необходима имитационная модель. Создана 
имитационная модель угроз запрещенной информации в телекомуникационной сети, 
учитывающая топологические  характеристики сети. С ее помощью проведены эксперименты, 
результаты которых показали зависимость реализации угрозы от топологической уязвимости 
сети. Примеры эффективного апробирования механизмов прогнозирования угроз в 
телекомуникационной сети дают основание констатировать адекватность и функциональность 
основных теоретических построений и разработанных на их основе алгоритмических и 
инструментальных средств.  
Ключевые слова: атакующие узлы. Запрещенный контент. Aналитическая модель. 
1. Введение 
Информационно-телекоммуникационные сети обеспечивают практически полный спектр 
возможностей для обмена информацией между пользователями - сетевыми абонентами. 
Современной проблемой таких систем является их низкий уровень информационной 
безопасности. Для обеспечения защиты информации в телекоммуникационных сетях, включая 
Интернет, разработано множество методов и средств. Тем не менее, эффективной защиты 
абонентов от угроз распространения запрещенной информации, в частности в условиях 
широкого использования индивидуально-ориентированных сервисов и связанных с ними 
протоколов и технологий (SOAP, CORBA, REST и др.), не существует. Среди множества 
функций защиты принципиальной в отношении данных систем является функция 
предупреждения проявления запрещенной информации. Она реализуется за счет механизмов 
прогнозирования угрозы распространения и рассылки сообщений с предупреждениями о 
последствиях действий с запрещенным контентом. Одним из подходов к прогнозированию 
угрозы распространения запрещенной информации является моделирование.Моделирование 
принято рассматривать в двух аспектах. Первый касается моделирования топологии сети, а 
второй затрагивает проблему изучения процессов, проходящих в ней. В нашем случае это угроза 
распространения запрещенной информации. 
2. Основная часть 
В информационно-телекоммуникационных сетях существуют узлы трех типов. Первый 
тип – атакующие узлы, это узлы, распространяющие запрещенную информацию. Второй тип – 
защищенные узлы, характеризующиеся тем, что не принимают участие в распространении 
запрещенной информации и никогда не будут этим заниматься. Третий тип – потенциально 
уязвимые. Узлы такого типа не участвуют в процессе распространения угрозы, но могут быть 
подвержены негативному влиянию со стороны атакующих узлов и могут начать распространять 
запрещенную информацию [1,2].  Допустим, N – количество узлов, равное числу абонентов сети, 
I0 – количество абонентов-злоумышленников – изначальных источников угрозы, R0 – количество 
абонентов   изначально   невосприимчивых   к   атакующим   воздействиям,   β -параметр,  
отражающий  силу угрозы,  вероятность  осуществления  атаки,  γ  -параметр отражающий  
степень противодействия угрозе,  вероятность защиты абонента (β  и γ  в данном исследовании 
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определены как константы, но могут быть выражены как функции, зависящие от 
психосемантических профилей абонентов). φ - коэффициент топологической уязвимости сети, 
отражающий внутреннее свойство телекомуникационной сети, основанное на  характеристиках   
ее  топологии, t - время процесса (в условных единицах времени). Требуется разработать 
аналитическую модель динамики атаки I(t)  и защиты узлов R(t).  
Методика включает в себя последовательность следующих действий: 
- формирование  имитационной модели 
для исследования характера и параметров 
процесса телекомуникационной сети;  
- синтез аналитических зависимостей 
параметров процесса;  
- проведение экспериментов с целью 
проверки точности модели.  
Приведем алгоритм реализации теле-
комуникационной сети, основываясь на 
описании процессов, протекающих в 
реальных сетях. Схема реализации угрозы 
представлена на рисунке 1.  
                                    Рис.1. Схема угроз в телекомуникационных сетях 
Шаг1. Распространение запрещенной информации (ЗИ) (далее процесс «атаки») 
инициирует какой-либо абонент-злоумышленник (на рисунке -узел1), распространяя сообщения 
с ЗИ (реализует угрозу) по его списку контактов. Атаку может начинать один злоумышленник 
или группа;  
Шаг 2. Абоненты-получатели (узлы 2,3,4), приняв сообщение с ЗИ, читают его и 
включаются в процесс атаки, распространяя ее дальше по своему списку контактов (узел 3), либо 
игнорируют или вообще удаляют сообщение (узел 2), т.е. в атаке не участвуют. Процесс атаки 
обычно идет лавинообразно. Атакующие абоненты не заканчивают атаку, единожды передав 
сообщение с запрещенной информацией. Окно атаки, как правило, продолжается в течение 
довольно значительного промежутка времени и зависит от типа подачи ЗИ в сообщении, 
заинтересованности абонента и т.д.;  
Шаг 3. Абоненты могут перестать воспринимать и, соответственно, распространять ЗИ 
(узел 5) (далее процесс «защиты»), вследствие воздействия механизмов защиты, поэтому 
сообщения с ЗИ от атакующих абонентов будут постоянно отвергаться; 
Шаг 4. Процесс продолжается пока в сети есть абоненты-злоумышленники, либо есть 
потенциально уязвимые узлы, если отсутствует процесс защиты.  
Таким образом, телекомуникационная сеть представляет собой сложный динамический 
процесс, состоящий из двух противоборствующих подпроцессов атаки и защиты узлов сети На 
основе описанного алгоритма построена имитационная модель, которая состоит из 
разработанной программы Model Graph и данных, которые могут быть сгенерированы с 
помощью ПО Pajek  [3,4].  Входные данные: N, к - средняя степень связности узлов, а - параметр, 
отражающий среднюю длину пути и уровень сетевой кластеризации, β, γ (в модели считается, 
что β и γ  одинаковы для каждого абонента), I0, R0.  Выходные данные: I(t), R(t), S(t) - численные 
массивы данных, описывающие динамический процесс реализации угроз (количестве 
атакующих, защищенных и потенциально уязвимых узлов в каждую условную единицу времени 
соответственно). 
Шаг 1. Создание топологии телекомуникационной сети – графа  Gsw  = <V, Е>, где Gsw  - 
граф small-world сети , V = {vi} - множество вершин, Е = { ei j } - множество ребер, i=1,..N, 
j=1,..N. Данный шаг осуществляется за счет задаваемых топологических параметров N, к, а. 
Шаг 2. Сформировать множество К={ VI, VS, VR }, где VI ={v1i} – множество атакующих 
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узлов  (|VI |= I0), , VR  - множество защищенных узлов, (VR =Ro),VS  - множество потенциально 
уязвимых узлов  (|VS |= N -1о- Ro). 
Шаг 3.  С вероятностью  β  выполнить:  VS и VI ,  с вероятностью  γ  выполнить: VI. 
Шаг 4.  Если VI =Ø или γ=0 и VS=Ø, то конец алгоритма, иначе перейти к шагу 3. 
ModelGraph - программа для имитационного моделирования угрозы запрещенной 
информации в телекомуникационной сети [4]. Данный программный продукт является 
однопоточным приложением. Программа состоит из исполняемого файла Model Graph.exe и 
библиотеки chartdir50.dll для построения графиков. После выбора типа сети и ввода ее 
параметров происходит имитационное моделирование по алгоритму. Затем результаты 
отправляются в функцию построения графиков для вывода результатов в графическом виде.  
Программа написана в среде разработки Microsoft Visual Studio .NET 2008. Исходными 
данными для гетерогенной сети является файл формата .net, определенный в программе Pajek. 
ПО Pajek представляет собой программу, предназначенную для анализа и визуализации больших 
сетей. Данная программа находится в свободном доступе и предназначена для некоммерческого 
использования.  Проанализируем подпроцесс атаки без защиты, проведя ряд экспериментов с 
использованием имитационной модели.  
Эксперимент 1. Влияние силы атаки на процесс. Эксперименты проводились при 
следующих значениях параметров: N=1000, φ=20,  I0=1, β=0,1..0,9 . 
Эксперимент  2. Влияние значения средней степени связности узлов в сети на процесс. 
Эксперименты проводились при следующих значениях параметров: N=1000, φ=0,5...60, I0=1, 
β=0,5 (рисунок 2). 
Эксперимент  3. Влияние  количества  изначально  атакующих  узлов  на  процесс. 
Эксперименты проводились при следующих значениях параметров: N=1000, φ=20, I0=1..40, β=0,5 
(рисунок 3). 
Каждый из трех типов экспериментов проводился 100 раз, брались усредненные значения. 
По результатам экспериментов 1-3 можно сделать следующие выводы:  
- процесс атаки I(t)  имеет  экспоненциальную  зависимость,  при увеличении значений φ, I0, 
β  возрастает динамика заражения узлов (интенсивность атаки) (эксперимент 1,2,3); 
- при росте вероятности проведения атаки β  от 0,1 до 0,9, время процесса снижается в два 
раза (с 8 до 4 условных единиц времени) (эксперимент 1); 
- коэффициент топологической уязвимости φ имеет самое большое влияние (в сравнении с 
I0, β) на длительность процесса. Например, при φ = 0,5 (низкая уязвимость) атака длится 24 
условные единицы времени, а при φ = 60 всего лишь 4 (эксперимент 2); большое количество 
изначально атакующих узлов I0  снижает время, за которое происходит   заражение всех узлов 
в сети. Например, при  I0=40 длительность процесса составляет 3 условные единицы времени 
(эксперимент 3).  
     Усложним условия экспериментов, добавив подпроцесс защиты, который зависит от 
начального количества защищенных узлов R0 и вероятности защиты γ. 
      Эксперимент 4. Влияние вероятности защиты. 
Эксперименты проводились при следующих значениях параметров: N=1000, φ = 20, I0=1, β=0,5,  γ 
=0,1..0,9, R0 =0. (рисунок 4).  
     Эксперимент 5. Влияние начального количества защищенных узлов. 
Эксперименты проводились при следующих значениях параметров: N=1000, φ = 20, I0=1, β=0,5, γ 
=0,5, R0 =0..200. (рисунок 5). 
По результатам экспериментов 4 и 5 можно сделать следующие выводы: введение 
подпроцесса защиты увеличивает время всего процесса угрозы запрещенной информации в 
телекоммуникационной сети. (эксперимент 4,5); при небольших значениях вероятности защиты  
(γ<0,3) угроза реализуется практически на всех узлах в сети (эксперимент 4); при небольших 
значениях вероятности защиты (γ<0,3) время процесса составляет более 50 условных единиц времени 
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(эксперимент 4); при большой вероятности защиты (≈0,9) процесс длится ≈7 условных единиц 
времени и максимальное количество атакующих узлов снижается в зависимости от вероятности 
проведения атаки (эксперимент 4). 
 
Рис.2. Влияние φ на процесс атаки 
 
Рис.3. Влияние I0 на процесс атаки 
 
Рис.4. Влияние γ на процесс атаки 
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Рис.5. Влиние R0 на процесс атаки 
При случайном выборе изначально защищенных узлов картина процесса атаки практически не 
изменяется (эксперимент 5); при высокой топологической уязвимости возрастает длительность 
процесса угрозы запрещенной информации в телекомуникационной сети. 
Создана имитационная модель угроз запрещенной информации в телекомуникационной сети, 
учитывающая топологические характеристики сети, а также  особенности   информационного   
взаимодействия абонентов как человеко-машинных систем. С ее помощью проведены 
эксперименты, результаты которых показали зависимость реализации угрозы от топологической 
уязвимости сети.  Релевантность результатов подтверждена серией экспериментов на топологии 
реальной сети с использованием имитационного моделирования. При этом погрешность для 
процесса защиты составила не более 10%, для процесса атаки - не более 15%. 
3. Выводы 
Информационно-телекоммуникационные сети являются крупномасштабными сетями с 
постоянно растущим числом абонентов. С бурным ростом числа пользователей возникают 
проблемы информационной безопасности и защиты информации в них. Анализ проблем 
информационной безопасности выявил, что кроме проблем, связанных с использованием 
глобальной сети Интернет как распределенной информационно-телекоммуникационной 
системы, которые достаточно хорошо известны и решаемы, существует малоизученная проблема 
запрещенного контента. Создание моделей и алгоритмов распространения угрозы запрещенной 
информации – один из ключевых подходов при решении данной задачи. Проведенный анализ 
публикаций по данной тематике показывает, что существующие решения малоэффективны. 
Обычно при моделировании распространения угрозы запрещенной информации не учитывается 
топология телекоммуникационной системы (модель сети – полносвязный граф). А, если 
топология учитывается, то, как правило, используется простейшая SIS модель, а структура сети 
отражается SF сетью. При моделировании телекоммуникационной системы важно иметь 
топологию, отражающую структуру связей реальной сети, а также использовать адекватную 
модель информационного взаимодействия узлов. Еще одной важной проблемой является 
крупномасштабность телекомуникационной сети, которая мешает получить данные с 
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DEVELOPMENT OF AN ANALYTICAL MODEL FOR THE RESEARCH OF THE 
TELECOMMUNICATION NETWORK PARAMETERS 
Kamkamidze Konstantin, Dvalishvili Mikheil, Kamkamidze Elene 
Georgian Technical University   
Summary 
Article discusses development of a model for analyzing threat of the dissemination of restricted 
informational through the telecommunication network. In order to obtain the trial results to synthesize 
analytical model – simulation modeling of the existing telecommunication network topology is required. 
The simulation model of restricted informational threats in telecommunication network was developed 
taking into account network topological features. Experiments showed some dependence of the threat 
realization on the network topology. The examples of effective implementation of the threat 
prognosticating mechanism in the telecommunication network gives the reason to ascertain the adequacy 
and functionality of the main theoretical concepts and developed from the latter algorithmic and 
instrumental  tools. 
 
satelekomunikacio qselis parametrebis kvlevis analitikuri 
modelis formireba 
konstantine kamkamiZe, mixeil dvaliSvili, elene kamkamiZe 
saqarTvelos teqnikuri universiteti  
reziume 
     ganxilulia satelekomunikacio qselSi akrZaluli informaciis gavrcelebis 
safrTxis analitikuri modelis damuSavebis amocana. analitikuri modelis sinTezisaTvis 
eqsperimentuli Sedegebis misaRebad aucilebelia arsebuli satelekomunikacio qselis 
topologiis imitaciuri modelireba. damuSavebulia satelekomunikacio qselSi akrZaluli 
informaciis safrTxis imitaciuri modeli, romelic iTvaliswinebs qselis topologiur 
maxasiaTlebs. Catarebuli eqsperimentebis Sedegebma aCvena akrZaluli informaciis 
gavrcelebis safrTxis realizaciis garkveuli damokidebuleba qselis topologiaze. 
safrTxeebis prognozirebis meqanizmis efeqturi aprobaciis magaliTebi asaxaven ZiriTadi 
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АЛГОРИТМ ПОСТРОЕНИЯ ПОЛНОГО ГРАФА ТОПОЛОГИИ 
ТЕЛЕКОММУНИКАЦИОННОЙ СЕТИ                
        Камкамидзе Елена, Хомерики Ирина, Двалишвили Михаил 
Грузинский Технический Университет 
Резюме 
Разработана методика формирования топологии телекоммуникационной сети, которая 
учитывает основные топологические характеристики доступной части сети и работает в 
условие недостаточной репрезентативности выборки исходных данных. Предлагаемая 
методика состоит из последовательности разработанных алгоритмов. Создан алгоритм 
формирования исходных данных о топологии сети - множества вершин и связей между ними 
доступной части сети, который учитывает ограничения по сбору данных. Следующий этап  
предполагает разработку  алгоритма формирования полного графа сети с учетом добавления 
недоступной части на основе вычисленных прогнозируемых топологических характеристик.  
Разработанную методику формирования топологии телекоммуникационной сети в 
дальнейшем можно реализовать в виде программного комплекса. 
Ключевые слова: алгоритм формирования графа. Kоэффициенты уязвимости. 
Tопологические характеристики.  
1. Введение 
Для моделирования телекоммуникационной сети необходимо иметь топологию 
реального объекта. Прямое получение этой информации затруднено в связи со следующим 
противоречием. Для повышения точности результатов моделирования необходимо иметь 
топологию всей сети. Получить такую информацию без прав администратора не 
представляется возможным.  
При сборе данных с правами абонента телекоммуникационной сети имеем дело с двумя 
типами узлов: открытыми и закрытыми. Если в ходе сбора данных мы получаем 
идентификаторы (id) узла и смежных с ним узлов, то такой узел называем открытым. Если же 
получаем только id узла (абонент с помощью настроек скрыл информацию о своих контактах), 
то такой узел называем закрытым.  
Также в сети могут существовать узлы, которые соединены только с закрытыми узлами. 
В таком случае невозможно получить даже идентификатор узла. Таких узлов в сети 
незначительная часть. Эмпирически показано, что закрытых узлов на порядок больше, чем 
открытых, поэтому при сборе данных теряется значительная часть данных [1,2].  
Частота запросов абонента о связях узла ограничена администраторскими мерами (это 
значение приблизительно составляет 10 запросов в секунду). Это ограничение приводит к 
тому, что, учитывая масштабность телекоммуникационной сети (десятки миллионов узлов), 
получение информации о топологии сети превращается в длительный процесс.  
Учитывая, что время сессии ограничено, данная особенность должна учитываться при 
практической реализации. Известные средства для решения задачи сбора информации о 
связях узлов в телекоммуникационнлй сети не эффективны, так как напрямую не 
предназначены для достижения этой цели и имеют множество недостатков.Топология 
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реальной ИТКС постоянно изменяется (абоненты регистрируются, добавляют связи, удаляют 
связи и учетные записи). В связи с этим, необходимо постоянно получать актуальную 
информацию для более точного моделирования телекоммуникационной сети.  
2. Основная часть. 
Топология сети представляется графом G={V,E}, где V (множество вершин графа) – 
множество узлов-абонентов, а E (множество ребер) - информационные связи между узлами.  
Будем считать, что граф является неориентированным, то есть все связи – 
двунаправленные. Любые две вершины графа могут быть связаны не более чем одним ребром. 
Для упрощения исследований граф считается не взвешенным, т.е. сила информационных 
связей не отображается на веса соответствующих ребер. Узел представляет собой человеко-
машинную систему, на одном компьютере не может находиться несколько узлов. В 
предлагаемой модели узел vi = {idi, flagi} хранит уникальный идентификатор абонента сети 
(id) и флаг (flag). Переменная flag определяет статус узла: открытый (flag=1) или закрытый 
(flag=0).  
Методика формирования топологии ИТКС, которая состоит из последовательности 
шагов: 
• сбор данных о топологии доступной части сети; 
• формирование полного графа сети с учетом добавления недоступной части на основе   
вычисленных прогнозируемых топологических характеристик (распределение степеней 
связности, средняя длина пути); 
• формирование вектора топологической уязвимости узлов телекоммуникационной сети. 
Граф доступной части сети – граф, содержащий открытые и закрытые узлы и связи 
между ними. Полный граф сети – граф, содержащий открытые узлы и закрытые узлы, 
перешедшие в состояние открытых, и связи между ними. Соседние узлы (смежные узлы) – 
узлы, имеющие связи с данным узлом.Требуется составить граф доступной части сети G(V, E), 
где V – множество вершин, включающее два подмножества:W={wi} – подмножество открытых 
вершин;U={ui} – подмножество закрытых вершин; E – множество связей между узлами (eij = 
eji – связь между i-м и j-м узлами); A – массив, содержащий id пройденных узлов (ai – 
элементы массива). Блок-схема алгоритма формирования графа доступной части сети 
представлена на рисунке 2. Переменные, используемые в алгоритме:  k – счетчик узлов; Z={zi} 
– множество соседних узлов k-го узла; flag – флаг, определяющий статус узла (flag=1 – 
открытый, flag=0 – закрытый); n – текущее значение длины массива A; i – счетчик соседних 
узлов; X – временное множество. Рассмотрим пример поэтапной реализации алгоритма 
формирования графа доступной части сети.  
Этап 1. Выполняем начальные установки согласно первому шагу алгоритма: 
k=1, V={w1}, A[12]; 
Этап 2. Выполняем функцию Get(12, Z, |Z|, flag). Получаем Z={43, 36, 39,78}, |Z|=4, flag=1. 
Переходим к третьему шагу алгоритма; 
Этап 3. Проверяем множество Z на наличие узлов, уже добавленных в множество V, и при 
наличии таковых, удаляем их. Получаем Z={43, 36, 39, 78},|Z|=4; 
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Этап 4. Определяем длину массива A (n=1). Добавляем ребра, связывающие первую 
вершину с узлами из множества Z. Получаем E={e1,2, e1,3, e1,4, e1,5}. Выполняем функцию 
Get для всех узлов из множества Z и добавляем их в соответствующие подмножества 
множества V. Получаем W={w1, w2}, U={u3, u4, u5}. Записываем идентификаторы узлов в 
массив A;  
Этап 5. Увеличиваем счетчик k=1+1=2. Второй элемент массива A (a2) существует, значит, 
переходим ко второму шагу алгоритма. После выполнения первых пяти этапов получаем граф, 
на рисунке 1, на котором закрытые узлы выделены серым цветом, а открытые - белым. 
 
Рис.1.  Результат работы алгоритма (1-5 этапы) 
Этап 6. Выполняем функцию Get(43, Z, |Z|, flag). Получаем Z={12, 16, 25, 4}, |Z|=4, flag=1. 
Переходим к третьему шагу алгоритма;  
Этап 7. Проверяем множество Z на наличие узлов, уже добавленных в множество V, и при 
наличии таковых, удаляем их. Получаем Z={16, 25, 4}, |Z|=3;   
Этап 8. Определяем длину массива A (n=5). Добавляем ребра, связывающие вторую 
вершину с узлами из множества Z. Получаем E={e1,2, e1,3, e1,4, e1,5, e2,6, e2,7, e2,8}. 
Выполняем ункцию Get для всех узлов из множества Z и добавляем их в соответствующие 
подмножества множества V. Получаем W={w1, w2, w8}, U={u3, u4, u5, u6, u7}. Записываем 
идентификаторы узлов в массив A. Получаем A; 
Этап 9. Увеличиваем счетчик k=2+1=3. Третий элемент массива A (a3) существует, значит, 
переходим ко второму шагу алгоритма.После выполнения этапов 6-9 получаем граф, 
представленный на рисунке 3; 
Этап 10. Выполняем функцию Get(36, Z, |Z|, flag). Получаем Z= Ø, |Z|=0, flag=0. Переходим 
к пятому шагу алгоритма; 
Этап 11. Выполняем функцию Get(36, Z, |Z|, flag). Получаем Z= Ø, |Z|=0, flag=0. Переходим 
к пятому шагу алгоритма; 
Этап 12. Увеличиваем счетчик k=3+1=4. Четвертый элемент массива A (a4) существует, 
значит, переходим ко второму шагу алгоритма;   
Этап 13. Выполняем функцию Get(39, Z, |Z|, flag). Получаем Z= Ø, |Z|=0, flag=0. Переходим 
к пятому шагу алгоритма;       
Этап 14. Увеличиваем счетчик k=4+1=5. Пятый элемент массива A (a5) существует, значит, 
переходим ко второму шагу алгоритма.                                                                                                                                                                                                                                                                                                                                                                        
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Рис.2.  Алгоритм формирования графа доступной части сети 
 
Рис. 3.  Результат работы алгоритма (1-9 этапы) 
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Этап 15. Выполняем функцию Get(78, Z, |Z|, flag). Получаем Z= Ø, |Z|=0, flag=0. Переходим 
к пятому шагу алгоритма; 
Этап 16. Увеличиваем счетчик k=5+1=6. Шестой элемент массива A (a6) существует, значит, 
переходим ко второму шагу алгоритма; 
Этап 17. Выполняем функцию Get(16, Z, |Z|, flag). Получаем Z= Ø, |Z|=0, flag=0. Переходим 
к пятому шагу алгоритма; 
Этап 18. Увеличиваем счетчик k=6+1=7. Седьмой элемент массива A (a7) существует, 
значит, переходим ко второму шагу алгоритма; 
Этап 19. Выполняем функцию Get(25, Z, |Z|, flag). Получаем Z= Ø, |Z|=0, flag=0. Переходим 
к пятому шагу алгоритма; 
Этап 20. Увеличиваем счетчик k=7+1=8. Восьмой элемент массива A (a8) существует, 
значит, переходим ко второму шагу алгоритма; 
Этап 21. Выполняем функцию Get(8, Z, |Z|, flag). Получаем Z={43, 36}, |Z|=2, flag=1. 
Переходим к третьему шагу алгоритма; 
Этап 22. Проверяем множество Z на наличие узлов, уже добавленных в множество V, и при 
наличии таковых, удаляем их. Получаем Z = Ø, |Z|=0, E={e1,2, e1,3, e1,4, e1,5, e2,6, e2,7, e2,8, 
e8,3}; 
Этап 23. На данном этапе ничего не 
изменяется, так как Z = Ø;  
Этап 24. Увеличиваем счетчик k=8+1=9. 
Девятого элемента массива A (a9) существует, 
значит, работа алгоритма завершена. 
Сформированный в результате алгоритма граф 
доступной телекоммуникационной сети 
представлен на рисунке 4. 
 
Рис.4  Итоговый результат работы алгоритма 
Результаты работы каждого этапа отражены в таблице : 
№ V E A Z K N 
1 w1 Ø 12 Ø 1 0 
2 w1 Ø 12 43,36,39,78 1 0 
3 w1 Ø 12 43,36,39,78 1 0 
4 w1, w2, u3, u4, u5 e1,2, e1,3, e1,4, e1,5 12,43,36,39,78 43,36,39,78 1 1 
5 w1, w2, u3, u4, u5 e1,2, e1,3, e1,4, e1,5 12,43,36,39,78 43,36,39,78 2 1 
6 w1, w2, u3, u4, u5 e1,2, e1,3, e1,4, e1,5 12,43,36,39,78 12,16,25,4 2 1 
7 w1, w2, u3, u4, u5 e1,2, e1,3, e1,4, e1,5 12,43,36,39,78 16,25,4 2 1 
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8 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 16,25,4 2 5 
9 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 16,25,4 3 5 
10 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 3 5 
11 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 4 5 
12 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 4 5 
13 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 5 5 
14 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 5 5 
15 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 6 5 
16 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 6 5 
17 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 7 5 
18 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 7 5 
19 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 Ø 8 5 
20 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8 
12,43,36,39,78,1625,4 43,36 8 5 
21 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8, e8,3 
12,43,36,39,78,1625,4 Ø 8 5 
22 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8, e8,3 
12,43,36,39,78,1625,4 Ø 8 8 
23 w1, w2, w8, u3, u4, 
u5, u6, u7 
e1,2, e1,3, e1,4, e1,5, 
e2,6, e2,7, e2,8, e8,3 
12,43,36,39,78,1625,4 Ø 9 8 
 
3. Выводы       
Разработан алгоритм формирования полного графа сети, который учитывает 
топологические характеристики доступной части сети (распределение степеней связности, 
средняя длина пути). При анализе топологических характеристик сети можно подсчитать 
коэффициенты уязвимости для каждого узла в сети, вектор топологической уязвимости узлов 
телекоммуникационной сети. Полученный вектор можно использовать при прогнозировании 
угрозы распространения запрещенной информации. С одной стороны, можно 
классифицировать по опасности атакующие узлы, а с другой стороны, можно выстроить 
наиболее эффективную стратегию противодействия угрозе. Разработанная методика 
формирования топологии телекоммуникационной сети учитывает основные топологические 
характеристики доступной части сети и работает в условие недостаточной 
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ALGORITHM TO CONSTRUCT THE COMPLETE GRAPH TOPOLOGY OF THE 
TELECOMMUNICATION NETWORK 
Kamkamidze Elene, Khomeriki Irina,  Dvalishvili Mikheil 
Georgian Technical University 
Summary 
A method of forming the topology of the telecommunication network is developed, which 
implicates basic topological characteristics of the network parts, that are available and works in the 
conditions of insufficient representativeness of the sample input data. The proposed method is 
consisted of a sequence of the developed algorithms. The algorithm of forming the initial data on 
the network topology is developed - the set of vertices and the connections between them are 
available for the network, which considers the limitations on data collection. The next stage 
involves the development of an algorithm of forming a complete graph network with the addition 
of an inaccessible part based on the calculated predicted topological characteristics. Developed 
techniques regarding the formation of the topology of telecommunications network can be 
implemented as software in the future. 
    
   satelekomunikacio qselis topologiis sruli grafis  
agebis algoriTmi 
 elene kamkamiZe, irina xomeriki, mixeil dvaliSvili 
saqarTvelos teqnikuri universiteti  
reziume 
damuSavebulia satelekomunikacio qselis topologiis formirebis meTodi, romelic 
iTvaliswinebs qselis xelmisawvdomi nawilis ZiriTad topologiur maxasiaTeblebs da 
muSaobs sawyis monacemTa amorCevis ukmarisobis pirobebSi. ganxiluli meTodi moicavs 
damuSavebuli algoriTmebis garkveul Tanamimdevrobas. agebulia qselis topologiis 
sawyiss monacemTa formirebis algoriTmi, romelic asaxavs qselis xelmisawvdomi nawilis 
monacemTa Segrovebis SezRudvebs. Semdgomi etapi gulisxmobs qselis sruli grafis agebis 
algoriTmis damuSavebas, qselis miuwvdomeli nawilis gaTvaliswinebiT. SesaZlebelia, 
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ENHANCEMENT OF PRODUCTIVITY FOR THE POWER NETWORK PARAMETER  
METER MULTIFUNCTIONAL DEVICE 
Imnaishvili Levan, Jabua Malkhaz, Chkhikvadze Karlo 
Georgian Technical University 
Abstract 
Article covers the aspects of interaction between the Modbus communication protocol and 
the multifunctional metering device used in the supervisory control and data acquisition (SCADA) 
system for monitoring and control reasons of power network parameters. Algorithm of productivity 
enhancement is drawn out and implemented in real experimental conditions. Power network 
parameter meter multifunctional N14 device (produced by Lumel S.A.) has been chosen as  research 
object. 
Key words:  SCADA system. Modbus communication protocol. Productivity. 
1. Introduction 
Problems concerning the productivity enhancement are very actual in modern SCADA 
systems. In particular this is related to the systems dedicated to the monitoring and control purpose 
of various technological processes, where the main attention is paid to the speed of performance 
and generally to the productivity of the whole system. Full automation of technological processes of 
production sphere on the one hand increased their quality, but on the other hand improper usage of 
the possibilities of the modern intellectual devices caused  the system performance problems and 
the necessity of their improvement and perfection. Nowadays, technological solution (algorithms, 
used communication protocols, their realization in practice) of the processes running  in any 
sphere, including the production field  is much more behind of  capacities of appliances 
participating in the monitoring and control of that  processes and this causes the  improper, 
incomplete usage of their possibilities and is finally affected on the performance of the 
technological processes. 
2. Experiment 
Research of power network parameter meter multifunctional N14 device interaction  with 
Modbus communication protocol has been performed in the main frame of an experiment. The N14 
meter is a programmable digital panel instrument destined for the measurement of 3-phase, 3 or 4-
wire power network parameters (RMS voltage and current, active, reactive and apparent power, 
active and reactive energy, frequency and so on), in balanced or unbalanced systems with the 
simultaneous display of measured quantities and digital transmission of  their values [1].  This 
network parameter meter enables the control and optimization of power electronic devices, systems 
and industrial installations. Measured parameters of power network are placed in embedded 16 and 
32 bit registers. Each measured parameter is transmitted to the main device in SCADA system via 
the RS-485 interface and the Modbus protocol. Maximum time of response to the request is 1000 
milliseconds, chosen working regime – Modbus RTU, data transmission rates are 4.8, 9.6, 19.2, 38.4 
Kbit/second. 
Experiment implies the readout of measured parameters in a certain interval of time using the 
Modbus protocol (in particular readout command #03)  and  the assessment of the readout time. 
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3. Experiment background 
Modbus is an application layer communication protocol based on a client-server architecture 
which is widely used  in industry to connect the electronic devices [2].   It uses RS-485, RS-422, RS-
232 interfaces and TCP/IP networking protocol. Its working principle is based on transactions, 
containing the  request and the reply on request. This protocol defines the main (Master) and 
secondary (Slave) devices in communication network,  determines and terminates the connection 
between them, establishes the types of data transfer and error checking and recovery methods. 
Standard  Modbus network contains only one master and maximum up to 255 slave devices, 
manages and controls the request and response cycles between them.  In typical RTU regime data is 





Figure 1. Data frame structure for Modbus RTU protocol 
Each device participating in Modbus network has an unique, independent  address in a range 
of 1-247. Function code identifies an action, that has to be performed (read, write and so on).  
Modbus RTU implies 8 data bit in 11 bit symbol, making possible data byte transfer in a  symbolic 
shape. Each symbol has the following shape: one start bit, eight data bits (junior goes first), one 
parity + one stop bit, or no parity + two stop bits, (1+8+1+1=11). Device address and function code 
fields occupy one byte, as far as each byte is transmitted as one symbol.   Checksum is presented in 
two bytes and is defined by CRC16 algorithm [3]. Interval between frames is regulated by the pause 
between the symbols. New frame must not appear earlier than 3,5•Tc, where Tc is a time of  
transfer for a single symbol. On one hand, signal absence for more than 1,5•Tc is counted by the 
receiver device as the end of frame, but on the other hand appearance earlier than  3,5•Tc is 
counted as an error. 
In Modbus RTU data exchange is organized in a form of communication cycles. These are a 
kind of preparatory operations necessary for data transfer/reception. Two kind of cycles exist: 
master device and slave device cycles. Appliances get requests/data in the beginning of cycle and 







Figure 2. Communication cycles used in Modbus protocol 
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Many researchers of Modbus protocol think that master and slave communication cycles 
have the fixed duration [4], despite of the Modbus command  being  processed. Research work 
carried out by us gives an obvious answer to an actual question, if its possible to reduce the 
communication cycle duration for different Modbus commands or not. 
4. Experiment technics 
 In conducted experiment personal  computer has a role of a master  device and 
multifunctional N14 node of the slave one. Connection between them is realized through the RS-
485 interface, that is connected to the USB  port of the PC via special convertor. RS-485 represents 
the most spread and popular standard for physical layer based connections. Physical layer is a 
connection channel and signal transmission media, based on a data differential transfer  (balanced) 
method [5]. In this particular case one signal is transmitted through the two connection lines. One 
line (conventionally A)   is used for original signal transfer and another one (conventionally B) – for 
inversed signal transfer. In other words, one line is for “1” and another one for “0” or vice versa. 
Figure 3 represents the readout time distribution for one 16 bit integer type register of power 
network parameters meter N14 multifunctional device, containing the value of power network 
frequency. This register is accessed in a loop of  one second time interval. 
Figure 3. One 16 bit integer type register readout time (milliseconds) distribution  
for N14 power network parameter meter device 
Access interval of one second is an optimal value, because according to the factory 
documentation N14 device needs maximum one second for the response preparation and transfer to 
the recipient (device issuing the request).  In the meanwhile for the device its extremely important 
to manage to react on all the requests coming from other members of  Modbus network. As it is 
seen from Figure 3, maximum value of device reaction/response time  reaches about 630 
milliseconds and minimum response time values fluctuate in 20-65 millisecond diapason. The same 
figure makes clear, that during the experiment the particular register readout lasted for 10 minutes 
with one second access time interval. For more details, the experiment has also been carried out in 
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conditions when simultaneously several registers were readout for different (9600 and 19200 
bit/second) throughput. The overall result picture remained the same and important changes  didn’t 
occur. 
Each point in Figure 3 corresponds to the time equal to the device response time plus the 
answer cycle. In particular, the answer cycle implies the reception of request by the 
slave/dependent device, its processing and the execution of an action considered by the function 
code field of the request message.   As it’s seen from carried out experiment, response cycles of 
slave/dependent device are not of the same duration. Time interval between the readout peak time 
is equal to 90 seconds and is symmetrically repeated. In the very beginning of measurement, device 
response time is dramatically increased up to 630 milliseconds, during the next 45 seconds stable 
decrease of this value and during the forthcoming 45 seconds low values (20-65 milliseconds) are 
observed. Then the same process is repeated cyclically. 
5. Performance enhancement algorithm 
 Experiment shows that in the beginning of measurements, device response/ readout time can 
be any of shown in Figure 3. It can be in a low ranges or on a peak or in decreasing phase. In the 
first case, everything is clear, optimal time of  readout is already caught and the only task is to 
maintain it for the whole measuring time. Solution for this is to access the device register only in 
100 seconds time interval and the constant low rates of response time is guaranteed. In a case 
different from scenario one, different kind of data readout algorithms have to be processed. 
For a better illustration, readout time decreasing phase shown on Figure 3 was divided in A 
(630 milliseconds), B (400 milliseconds), C (180 milliseconds), D (50 milliseconds)  points (see 
Fig.4), i.e. three zones (AB, BC, CD). The main goal is to come down to the D-type points (<100 
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Using  the software product written by us in order to  serve this experiment, it was measured 
that the distance from A-B zone to D-type points is 50 seconds, from B-C zone – 25 seconds and 
from C-D zone – 15 seconds. Experimentally proved that once the lowest readout response time 
values are reached, i.e. D –type points, measurements have to be continued in 100 seconds interval, 
which guarantees the same type (low values) response times during every access to the device. This 
means it becomes possible to get the intended data from the Modbus network device in a minimum 
time, that solves the problems concerning the system performance issues, therefore proves that 
master/slave communication cycles don’t have the same duration and can be optimized, i.e. reduced 
according to the demands of the task to be performed. 
Figure 5 demonstrates the block-scheme of  implemented algorithm based on which  data 
readout was conducted  from the power network parameter meter N14 multifunctional device to 
the personal computer. This algorithm has been well-implemented in a software and its efficiency 












Figure 5. N14 device readout algorithm block-scheme 
6. Conclusion 
Development trends of modern  technologies reveal, that current performance of Modbus 
communication protocol necessarily needs to be enhanced, because it’s far behind the capabilities of 
the intellectual devices widely used in modern  supervisory control and data acquisition systems. 
This problem finally causes the improper usage of their diverse possibilities and leads to the low 
performance of the system. 
Experiment carried out in the frame of this article obviously demonstrates, that through the 
software or hardware modifications and implementation of the  corresponding algorithms it’s 
possible to increase the overall performance of  SCADA system. However it’s apparent that further 
and deep effects request internal modernization of current communication protocols and their 
practical implementation towards nowadays requirements. 
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eleqtroqselis parametrebis gamzomi multifunqciuri  
xelsawyos warmadobis amaRleba 
levan  imnaiSvili, malxaz jabua, karlo CxikvaZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia eleqtroqselis monitoringis da marTvis SCADA sistemaSi gamoyenebuli 
multifunqciuri gamzomi xelsawyos Modbus sakomunikacio protokolTan muSaobis 
sakiTxebi. damuSavebulia xelsawyos warmadobis  amaRlebis algoriTmi. gamokvlevis 
obieqtis saxiT aRebulia eleqtroqselis parametrebis analizis multifunqciuri 
xelsawyo N14 (mwarmoebeli LUMEL S.A.). 
 
 
ПОВЫШЕНИЕ ПРОИЗВОДИТЕЛЬНОСТИ МУЛЬТИФУНКЦИОНАЛЬНОГО 
ИЗМЕРИТЕЛЬНОГО ПРИБОРА ИЗМЕРЕНИЯ ПАРАМЕТРОВ ЭЛЕКТРОСЕТИ 
Имнаишвили Л., Джабуа М., Чхиквадзе К. 
Грузинский Технический Университет 
 Резюме 
Рассмотрены вопросы работы коммуникационного протокола Modbus мультифункцио-
нального измерительного прибора в системе SCADA мониторинга электросети  и управления. 
Разработан алгоритм увеличения производительности прибора. В качестве объекта 
исследования выбран мультифункциональный анализатор параметров электросети  N14 
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marTvadi qselebis SemuSaveba monacemTa damuSavebis  
centrebSi 
giorgi Cubko, giorgi maisuraZe, TinaTin kaiSauri 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba VXLAN teqnologia, misi Semadgeneli komponentebi, maTi funqcionaluri 
datvirTva, paketebis inkafsulirebis sqema. VXLAN teqnologia Sedarebulia arsebul, 
tradiciuli qselis segmentirebis VLAN teqnologiasTan, ganxilulia VLAN-is 
SezRudvebi da naklovanebebi. mocemulia VXLAN teqnologiis upiratesobebi da 
gamoyenebis sfero. VXLAN teqnologiis bazaze naCvenebia komunikaciis mgaliTi or 
moSorebul abonents Soris, mimdinare inkafsulaciis procesebi da komponentTa rolebi. 
sakvanZo sityvebi: marTvadi qseli. VXLAN teqnologia. VLAN teqnologia. 
monacemTa damuSavebis centri. inkafsulacia. komunikacia.   
1. Sesavali 
tradiciulad, IP qselis segmentirebisaTvis farTod gamoiyeneba VLAN teqnologia, 
romelic standartizebulia IEEE 802.1Q jgufis mier [1]. VLAN teqnologia 
uzrunvelyofs meore donis segmentis, logikur gamoyofas da komutaciis domenis 
SemosazRvras. imis gamo, rom VLAN teqnologia araefeqturad iyenebs qselSi arsebul 
arxebs da SezRudulia masStabirebaSi 4094 segmentiT, is gaxda erT-erTi SemzRudavi 
faqtori didi korporatiuli da sajaro Rrublovani monacemTa damuSavebis qselebis 
mowyobaSi [7].  
aRniSnuli SezRudvebis aRmosafxvrelad qseluri mowyobilobebis wamyvanma 
mwarmoebelma firmebma SeimuSaves VXLAN teqnologia, romelic SeTavazebuli iyo IETF-
isTvis, rogorc gadawyvetileba arsebuli VLAN teqnologiis SezRudvebis gadasalaxad 
[2]. VXLAN teqnologia saSualebas iZleva moqnilad moaxdinos virtualizirebuli 
serverebis ganTavseba da miRweul iqnas maRali masStabireba qselis segmentaciisTvis 
meore doneze. 
VXLAN teqnologia SemuSavebuli iyo igive meore donis Ethernet servisebis 
uzrunvelsayofad, romlebsac axorcielebs tradiciuli VLAN teqnologia, magram 
gacilebiT ufro didi masStabirebiT da moqnilobiT.  
VXLAN ZiriTadi upiratesobebia:  
• moqnilad ganxorcieldes meore donis segmentebis ganTavseba monacemTa 
damuSavebis qselSi. miuxedavad meore donis segmentis fizikuri lokaciisa, SesaZlebelia 
meore donis segmenti gavrcelebuli iqnes arsebuli qselis zemodan e.w overlay 
principiT, monacemTa damuSavebis centris sxvadasxva fizikur lokaciebze;  
• gacilebiT didi masStabireba, ufro meti meore donis segmentebis mxardaWera. 
arsebuli VLAN teqnologia, meore donis segmentebis identificirebisTvis iyenebs 12 
bitian mniSvnelobas, romelic saerTo jamSi uzrunvelyofs 4094 gamoyenebad meore donis 
segments. Tavis mxriv VXLAN teqnologia meore donis segmentis indentificirebisTvis 
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• qseluri resursebis optimaluri gamoyeneba. VXLAN teqnologia saSualebas 
iZleva qselSi yvela arxi aqtiurad iqnes gamoyenebuli. tradiciuli VLAN teqnologia 
iyenebs STP oqms qselSi maryuJebis aRmosaCenad da gasaneitraleblad. rac  qselSi 
nawil arxebs aneitralebs. xolo VXLAN-iT gadacemuli paketebi inkafsulirdeba mesame 
donis TavsarTSi da qmnis erTgvar virtualur qsels, arsebuli qselis zemodan. mesame 
donis TavsarTi saSualebas iZleva moxdes gadacemuli paketebis marSrutizireba, rac 
gamoricxavs qselSi maryuJebs, xolo ECMP teqnologia uzrunvelyofs qselSi yvela 
arxis aqtiur gamoyenebas[6]. 
2. ZiriTadi nawili 
VXLAN teqnologia meore donis virtualuri qselia, e.w overlay, romelic 
SeiZleba moewyos arsebuli mesame donis qselze. is iyenebs UDP oqms, meore donis 
informaciis inkafsulirebisTvis. VXLAN teqnologia gadawyvetilebaa moqnili, 
masStabirebadi sajaro da kerZo Rrublovani tipis qselebis mosawyobad [3].  
VXLAN teqnologia tranportirebisTvis iyenebs IP da UDP oqmebs. VXLAN 
gansazRvravs MAC-is inkafsulirebis sqemas UDP oqmSi, sadac Tavdapirveli meore donis 
informacias emateba axali VXLAN TavsarTi, aseve axali UDP da IP TavsarTebi. aseTi 
saxis MAC-is UDP inkafsulirebis meqanizmiT,  es teqnologia axorcielebs meore donis 
tunelirebas, mesame donis qselis gavliT. VXLAN paketis formati naCvenebia 1-el 
naxazze. 
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naxazze mocemuli sqemis mixedviT, VXLAN teqnologia awesebs 8 baitian TavsarTs, 
romelic Seicavs 24 bitian identifikators, e.w VNID da ramdenime darezervebul bits. 
VXLAN TavsarTi da Tavdapirveli meore donis kadri inkafsulirdeba UDP oqmSi. 24 
bitiani VNID veli gamoiyeneba meore donis segmentebis indetificirebisTvis, raTa 
gaimijnos sxvadasxva segmentebi erTmaneTisgan. 24 bitiani VNID-is gamoyenebiT VXLAN 
teqnologias gaaCnia 16 milioni segmentis mxardaWera.  
VXLAN teqnologiaSi mniSvnelovani roli aqvs miniWebuli VTEP (VXLAN tunnel 
endpoint) mowyobilobas. es mowyobiloba uzrunvelyofs VXLAN tunelis terminacias da 
Sesabamis segmentTan abonentebis asocirebas. TiToeul VTEP mowyobilobas gaaCnia ori 
interfeisi, pirveli  mimarTulia lokaluri qselisken da uzrunvelyofs lokaluri 
abonentebis komutacias, xolo meore interfeisi warmoadgens IP interfeiss, romelic 
dakavSirebulia IP satransporte  qselTan.  
IP interfeiss gaaCnia unikaluri IP misamarTi, VTEP mowyobilobis indentifici-
rebisaTvis  IP transport qselSi. aRniSnul IP misamarTs VTEP mowyobiloba iyenebs 
Ethernet kadrebis inkafsulirebisaTvis da IP transport qselSi gadacemisaTvis. VTEP 
mowyobiloba aseve axdens moSorebuli VTEP  mowyobilobebis aRmoCenas, maTze 
mierTebuli meore donis segmentebis da abonentebis asocirebas. qselSi arsebul 
TiToeul VTEP mowyobilobas gaaCnia sruli sqema, Tu romeli VTEP mowyobilobebi 
aris qselSi da maTze mierTebuli abonentebi. VTEP funqcionaluri komponentebi da 
logikuri topologia mocemulia me-2 naxazze. 
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VXLAN segmentebis lokacia ar aris damokidebuli IP qselis topologiaze. 
Sesabamisad IP  qselis topologiac ar aris damokidebuli VXLAN segmentebze. VXLAN 
tunelebi organizebulia VTEP mowyobilobebs Soris, xolo VXLAN inkafsulirebuli 
trafiki marSutizirdeba IP qselis gavliT, VTEP mowyobilobebs Soris[5].  
VXLAN teqnologia iyenebs martiv tunels VTEP mowyobilobes Soris, raTa 
ganaxorcielos meore donis informaciis gadacema, mesame donis qselis zemodan. VXLAN 
pakatebis gadacemis sqema mocemulia me-3 naxazze. abonenti-A da abonenti-B moTavsebulia, 
saerTo VXLAN segmentSi nomriT 100. komunikacia abonentebs Soris mimdinareobs VTEP-1 
da VTEP-2 mowyobilobebis saSualebiT.  
nax.3. VXLAN paketis gadacemis mimdevroba 
 
mocemuli magaliTi gulisxmobs, rom MAC misamarTebis swavla, ganxorcielebulia 
VTEP mowyobilobebs Soris. TiToeuli VTEP mowyobiloba adgens cxrils, romelSic 
aRwerilia, abonentebis MAC misamarTebi da Sesabamisi VTEP mowyobilobis IP misamarTi, 
romliTac miRwevadia MAC misamarTi. Semdeg magaliTSi ganxilulia komunikacia A da B 
abonentebs Soris.  
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mas Semdeg rac A abonenti gaagzavnis informacias B abonentTan, igi Seadgens 
Ethernet kadrs, sadac miTiTebuli iqneba mimRebi B abonentis mismarTi MAC-B. aRniSnuli 
kadri gaigzavneba VTEP-1 mowyobilobasTan.  
VTEP-1 mowyobiloba ganaxorcielebs cxrilSi MAC-B misamarTis moZiebas da 
daadgens, rom abonenti misamarTiT MAC-B miRwevadia VTEP-2 mowyobilobis gavliT. ris 
Semdegac VTEP-1 mowyobiloba ganaxorcielebs Tavdapirveli Ethernet kadris VXLAN 
inkafsulirebas. jer VXLAN TavsarTis damatebiT, Semdeg ki UDP da IP TavsarTebis 
damatebiT.  
gare IP TavsarTSi miTiTebulia VTEP-1-is IP mismarTi - rogorc wyaro, xolo 
VTEP-2 -is IP misamarTi - rogorc daniSnuleba. imis Semdeg rac VTEP-1 mowyobilobam 
daasrula VXLAN inkafsulacia, is ganaxorcielebs marSrutizaciis cxrilSi Zebnas, Tu 
romeli marSrutiT aris miRwevadi VTEP-2 mowyobilobis IP mismarTi, daadgens Semdegi 
kvanZis IP misamarTs da Sesabamis MAC mismarTs, raTa ganaxorcielos gare Ethernet 
TavsarTis damateba da gadacema. 
VXLAN paketi marSrutizirdeba IP transport qselSi, gare IP TavsarTis 
saSualebiT. imis Semdeg rac VTEP-2 mowyobiloba miiRebs pakets, moxdeba gare IP, UDP 
da VXLAN TavsarTebis mocileba, ris Semdegac Tavdapirveli Ethernet kadri gadaegzavneba 
B abonents[2]. 
3. daskvna 
VXLAN teqnologia wamoadgens gadawyvetilebas, meore donis segmentis 
gatarebisTvis, mesame donis qselis zemodan, amisaTvis is axarcielebs Tavdapirveli meore 
donis kadrebis inkafsulirebas VXLAN da UDP oqmSi. VXLAN teqnologia saSualebas 
gvaZlevs SevimuSaoT moqnili da masStabirebadi qselebi. sul ufro xSirad gvxvdeba 
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SOFTWARE DEFINED DATA CENTER NETWORK – VXLAN TECHNOLOGY 
Chubko Giorgi, Maisuradze Giorgi, Kaishauri Tinatin 
Georgian Technical University 
Summary 
      This article discusses VXLAN technology, its components, their functional load, encapsulation 
scheme for packages. VXLAN technology is compared with the existing, traditional network 
segmentation VLAN technology. VLAN limitations and shortcomings are discussed as well as its 
advantages and its application area. Based on VXLAN technology an example of communication 




УПРАВЛЯЕМЫЕ СЕТИ ЦЕНТРОВ ОБРАБОТКИ ДАННЫХ  –  
ТЕХНОЛОГИЯ VXLAN 
Чубко Г., Маисурадзе Г., Каишаури Т.    
Грузинский Технический университет  
Резюме 
Рассматриваются вопросы использования технологии VXLAN, ее компоненты, их 
функциональная нагрузка, схема инкапсулирования пакетов. Технология VXLAN сравнено с 
традиционной сетевой технологией сегментации VLAN. Обсуждены ограничения и 
недостатки технологии VLAN. В статье рассмотрены преимущества технологии VXLAN и ее 
использование. Описана связь с использованием технологии VXLAN, между двух удаленных 
абонентов, процессы и компоненты. 
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interaqtiuli samganzomilebiani rekonstruqcia  
RGB-D gamosaxulebebis safuZvelze 
mzia kiknaZe1, ivane makasaraSvili1, mixeil darjania2 
1-saqarTvelos teqnikuri universiteti 
2-Tbilisis samxatvro akademia 
reziume 
ganxilulia gamosaxulebebidan da wertilebis simravleebidan zedapirebis 
rekonstruqciis sistema. mniSvnelovani yuradReba eTmoba RGB-D fotokamerebidan Setanil 
informaciis aRdgenas, rodesac garemos gadaReba xdeba mravali feradi gamosaxulebis an 
wertilebis mWidro simravlis meSveobiT. rekonstruqciis es algoriTmi SegviZlia 
gamoviyenoT sxva wyaroebidan Setanili informaciisTvisac. rekonstruqcia efuZneba 
ramdenime martiv figuras, romlebic gvTavazobs samganzomilebiani informaciis gamoyenebis 
abstraqciis maRal dones, analizis an redaqtirebis mizniT.  
sakvanZo sityvebi: zedapiris rekonstruqcia. algoriTmi. 3D-informacia. 
1. Sesavali 
samganzomilebiani obieqtebis skanirebisas xSiria SemTxveva roca monacemebi 
arasrulia da saWieroebs Sevsebas. aseT SemTxvevaSi sawyis etapze xdeba wertilebis 
simravlis segmentacia, monacemebis SevsebisTvis gamoiyeneba martivi figurebis mravali 
saxeoba, magaliTad, sibrtyeebi, cilindrebi da konusebi [1].  
rekonstruqciis algoriTmis meore etapze xdeba martivi figurebis kideebis 
gamovlena da Semdeg - optimizacia. optimizaciis CarCo muSaobs SesaZlo SezRudvebis 
gaTvaliswinebiT. es SezRudvebi avtomaturad gamoiTvleba an momxmareblis mier Seitaneba. 
samganzomilebiani modelebi SegviZlia miviRoT srulad avtomaturi gziT, Tumca 
avtomaturad Sedegebis srulyofisa da gaumjobesebis mizniT SemoTavazebulia 
intuiciurad gasagebi samomxmareblo interfeisi. ganvixilavT optimizaciis axleburi 
midgoma, da CamovTvaloT potenciuri SezRudvebi. 
2. segmentacia 
ganvixiloT figurebis martiv figurebad segmentaciis axlebur meTodi. meTods 
gaaCnia sibrtyeebis, cilindrebisa da konusebis mxardaWera primitivebis saxiT. 1-el 
naxazze naCvenebia segmentaciis algoriTmis nimuSi da algoriTmis individualuri 
safexurebi.  
 
nax.1. interieris scenis mravali siRrmiTi gamosaxulebis  
segmentacia geometriul primitivebad 
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zedapiris rekonstruqciis garda, segmentacia SegviZlia gamoviyenoT mozrdili 
scenebis dasaSlelad da Semdgomi damuSavebis gasamartiveblad. 
naxazis marcxena nawilze naCvenebia globaluri, grafikze dafuZnebuli segmentacia 
(mozrdili wertilebi da kideebi), iseve rogorc individualuri siRrmiTi 
gamosaxulebebis piqselebze dafuZnebuli segmentacia. marjvniv naCvenebia segmentaciis 
algoriTmi 
segmentaciis es meTodi iyenebs mraval siRrmiT gamosaxulebas fotokameris Sida da 
garegani maxasiaTeblebiT. yvela piqseli, romelsac gaaCnia siRrmis validuri parametri, 
gardaiqmneba samganzomilebian poziciad. siRrmiTi gamosaxulebebi iolad gardaiqmneba 
wertilebis samganzomilebian simravleebad da gvaZlevs damatebiT sasargeblo 
informacias. organzomilebiani badeebis organizacia gvaZlevs calsaxa informacias 
kavSirebis Sesaxeb. siRrmis gazomvis sizuste, rogorc wesi, fotokameris daSorebasTan 
erTad izrdeba. es saSualebas gvaZlevs gamoviyenoT manZilis sxvadasxva zRvrebi 
scenisTvis da davamuSavoT rogorc zustad gansazRvruli, aseve arazustad gansazRvruli 
detalebi. 
Setanili siRrmiTi gamosaxulebebi (igive CarCoebi) registrirdeba koordinatTa 
saerTo sistemaSi. Cven viyenebT ferad detalebsa da iteraciul, uaxloes wertilebs 
(ICP-ebs) [2], xolo Setanili monacemebi `xmauris” mosaSorebeli algoriTmiT 
umjobesdeba [3]. registrirebuli CarCoebi samganzomilebiani wertilebis mozrdilis 
grafikis saxiT, sadac erTi CarCos farglebSi moqceuli, momijnave piqselebi, iseve 
rogorc sxvadasxva CarCoebis Sesabamisi wertilebi, grafikis kideebTan erTdeba. 
aRniSnuli informacia gamoiyeneba globalurad Tanmimdevruli segmentaciis misaRebad 
yvela Setanili CarCosTvis. mravali CarCodan miRebuli informacia metismetad 
moculobiTia amgvari pirdapiri midgomisTvis. aqedan gamomdinare, Cven amocanas or 
nawilad vyofT: pirvel rigSi globalurad Tanmimdevruli segmentacia miiReba nimuSad 
aRebuli wertilebisTvis mTeli scenidan, xolo Semdeg piqseluri sizustis segmentacia 
individualurad sruldeba TiToeuli CarCosTvis (globaluri segmentaciis safuZvelze. 
saboloo jamSi viRebT aseT Sedegs (nax.2): 
 
nax.2. siRrmiTi rukebis kavSirebis gardaqmna samganzomilebian grafikad 
- gamosaxuleba iRebs samganzomilebiani grafikis struqturas, romelzec gamoiyeneba 
organzomilebiani siRrmiTi rukebidan miRebuli informacia kavSirebis Sesaxeb; 
- samganzomilebiani grafiki segmentirdeba figurebis primitivebad. axali 
iteraciuli midgoma saSualebas gvaZlevs gamovavlinoT figurebi da movaxdinoT scenis 
Tanmimdevruli dasaTaureba; 
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me-2 a) naxazidan Cans, rom  mwvane da lurji wveroebi erTmaneTTan axlosaa, Tumca 
ar erTdeba, vinaidan maTi arealebi ar emTxveva siRrmiT rukas. xolo me-2 b) naxazidan 
Cans rom, piqselebi miekuTvneba grafikis uaxloes wveroebs da miiReba momijnave 
kavSirebi. 
3. grafikis ageba 
algoriTmis monacemebad aRebulia wertilebis grafiki. es gaxlavT Setanili 
CarCoebis yvela piqselidan nimuSad aRebuli samganzomilebiani wertilebis qvesimravle. 
mizani gaxlavT samganzomilebiani wertilebis raodenobis Semcireba efeqturi 
segmentaciis mizniT, iseve rogorc sxvadasxva Setanili CarCoebidan Sesabamisi piqselebis 
proeqcireba igive samganzomilebian wertilebze. 
rodesac axali CarCo emateba, nimuSad aRebuli wertilebis grafiki aucilebelia 
ganaxldes da moicvas axlad gadaRebuli arealebi. wertilebis simravlidan nimuSebi ise 
aiReba, rom momijnave wertilebs Soris saSualo manZili iyos τ. es parametri asworebs 
wveroebis raodenobas grafikze da erTgvari kompromisia sizustesa da gamoTvliT 
efeqturobas Soris. 
Cven viyenebT nimuSis aRebis modificirebul algoriTms [4] axali nimuSebis 
SerCevis mizniT. CarCos SemTxveviTi, nimuSad aRebuli wertilebi iteraciulad miiReba da 
saukeTeso varianti (arsebuli nimuSad aRebuli wertilebidan udidesi daSorebiT) 
SeirCeva. saukeTeso variantis saSualo daSoreba narCundeba ukanaskneli 100 cdis 
ganmavlobaSi da wertilebis damateba wydeba, rodesac aRniSnuli parametri τ-s Camocdeba. 
TiToeuli CarCosTvis aucilebelia grafikis arsebuli wertilebis ganxilva, romlebic 
proeqcirebulia amJamindel CarCoze an proeqcirebis maqsimaluri manZilia τ. 
grafikis wveroebi momijnave wveroebTan erTdeba, rodesac isini axlosaa da sagnis 
erT zedapirzea ganlagebuli. am ukanaskneli pirobis SesrulebisTvis aucilebelia 
geodeziuri manZilebis gamoTvla samganzomilebian poziciebs Soris, rac wertilebis 
arastruqturirebuli simravleebisTvis SeuZlebelia. miuxedavad amisa, gamosaxulebis 
organzomilebiani ganlagebebidan miRebuli informacia kavSirebis Sesaxeb SegviZlia 
gamoviyenoT. nimuSad aRebuli wertilebis grafikze potenciuri mezoblebi aris wveroebi, 
romelTa Soris daSoreba 2τ-ze naklebia. parametri metismetad didia, magram arazusti 
mezobloba gamoiricxeba Semdegi algoriTmis meSveobiT: Setanili CarCos TiToeuli 
piqseli miekuTvneba samganzomilebiani sivrcis uaxloes, nimuSad aRebul wertils (me-2 
naxazi b). wveroebis potenciuri kideebi mxolod im SemTxvevaSi gamoiyeneba, Tu Sesabamis, 
nimuSad aRebul wertilebs sul mcire ori momijnave piqseli miesadageba.  
aRniSnuli meTodi xels uSlis sxvadasxva zedapirebis axlomdebare wertilebis 
SekavSirebas gamokveTil kideebze, rogorc es aris me-3 naxazze. yvela mikuTvnebuli 
piqselis samganzomilebiani wertili 
gamoiyeneba grafikis wveros mimarTulebis 
dasadgenad. nimuSad aRebuli wertilebis 
morgeba mraval CarCoze mkveTrad amcirebis 
nimuSad aRebuli wertilebis grafikis 
xmaurs. sawyisi nimuSi, Sesworebis Semdeg. 
 
nax.3 sawyisi nimuSi, Sesworebis Semdeg 
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nimuSad aRebuli wertilebis grafikze xmauris Sesamcireblad poziciebi da 
perpendikularebi swordeba, rodesac arsebuli, nimuSad aRebuli wertili moCans axal 
CarCoSi. Cven axal CarCoSi viTvliT Sewonil saSualo mniSvnelobas arsebul wverosa da 
Sesabamis wertilebs Soris. amavdroulad, wertilebi gadaadgildeba mxolod maTi perpen-
dikularis gaswvriv. Sewonili mniSvnelobebi fotokameris siRrmeebis ukuproporciulia, 
xolo axali wertilebis Sewonili mniSvnelobebi TiToeuli CarCosTvis mcirdeba. aqedan 
gamomdinare, nimuSad aRebuli wertilebisgan miiReba zustad gazomili wertilebisken. 3 
naxazze naCvenebia, rogor Sordeba grafiks xmauri da rogor mcirdeba wveroebisa da 
kideebis raodenoba. 
4. globaluri segmentacia 
globaluri segmentacia iyenebs mxolod nimuSad aRebuli wertilebis grafiks da 
sruliad damoukidebelia Setanili gamosaxulebebisgan. Cveni mizani primitiuli 
figurebis moZebna grafikis poziciebze da TiToeuli wveros miniWeba saukeTeso 
figurisTvis. segmentaciis procesi sam nawilad iyofa: axali figurebis gamovlena, 
grafikebis wveroebis miniWeba figurebisTvis (dasaTaureba) da figurebis optimizacia. es 
ukanaskneli meordeba srul konvergenciamde. 
figurebis gamovlena. grafikis yvela poziciaze primitiuli figurebis gamovlenis 
mizniT gamoiyeneba RANSAC-meTodi. aRniSnuli poziciebi jer ar aris mikuTvnebuli 
figurebisTvis. Tavdapirvelad gamoiyeneba grafikis yvela pozicia. τ parametri 
gansazRvravs maqsimalur daSorebas figurebsa da wertilebs Soris. aRniSnuli parametri 
aucilebelia airCes Setanil monacemebSi xmauris mosalodneli donis Sesabamisad. 
stereosistemebis siRrmis gazomva gvaZlevs daSorebis kvadratisadmi proporciul, 
sistematur Secdomebs. xmauris cvalebadi donis gaTvaliswinebis mizniT gamosaxulebis 
konkretuli piqselis gazomvis mosalodnel cdomilebas emateba daSorebis zRvari c. 
kineqtis sensorebisTvis viyenebT xoSelhamis da elberinkis [5] sizustis parametrebs. 
 dasaTaureba. grafikis wveroebis miniWeba figurebisTvis dasaTaurebis amocanad 
SegviZlia warmovidginoT, romelic amoixsneba grafikuli kveTebis meSveobiT [6]. 
optimizaciis mizanis formulaa Emonacemebi+λESerbileba, sadac pirveli wevri grafikis 
nimuSebsa da figurebs Soris manZilebis optimizaciaa, xolo meore – grafikebis 
momijnave wveroebs erTi da igive figuras aniWebs. 
grafikis wveroebi aucilebelia mianiWos figuras, Tu daSoreba zedapiramde mcirea 





(1 − �𝑛𝑛𝑖𝑖 ∙ 𝑛𝑛�𝑆𝑆𝑙𝑙(𝑖𝑖),𝑝𝑝𝑖𝑖��)𝑖𝑖∈𝐺𝐺                 (1) 
 
G Seicavs grafikis yvela wveros, pida niaRniSnavs poziciebsa da perpendikularebs, 
xolo l(i)aris miniWebuli S figuris indeqsi. D funqcia Tvlis manZils figuris 
zedapirze arsebul wertilsa da mis uaxloes wertils Soris, xolo nfunqcia gvaZlevs 
zedapiris perpendikulars figuris uaxloes wertilze. 
Tu auTlaierebisa da scenis detalebis modelireba SeuZlebelia primitiuli 
figurebi, maSin yvela gamovlenili figuris moSorebiT mdebare wertilebisTvis gveqneba 
damatebiTi, miuniWebeli saTauri. amgvari miuniWebeli wveroebisTvis gamoiyeneba mudmivi 
safasuris mniSvneloba. mcire mniSvneloba gvaZlevs miuniWebeli wertilebis mozrdil 
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arealebs, xolo didma mniSvnelobam SesaZloa daamaxinjos auTlaierebis mqone figurebi. 
Cven eqsperimentebSi miuniWebeli wveroebis safasuria 0,8. 
sirbilis parametri gamoiyeneba erTi da igive figuris momijnave wertilebis 
miniWebisTvis. is gamoiTvleba Semdegi formuliT: 
𝐸𝐸სირბილე = ∑ 𝛿𝛿�𝑙𝑙(𝑖𝑖) ≠ 𝑙𝑙(𝑗𝑗)��𝑛𝑛𝑖𝑖 ∙ 𝑛𝑛𝑗𝑗�,(𝑖𝑖,𝑗𝑗)∈𝐸𝐸                      (2) 
sadac Earis nimuSad aRebuli wertilebis grafikis kideebis simravle, xolo δ 
funqcia aRniSnavs potsis models, romelic gvibrunebs 1-s, Tu argumenti WeSmaritia da 
0-s sxva SemTxvevaSi. yvela kidis Sewonva xdeba maTi normaluri gadaxris safuZvelze. 
Tu or mimdebare wertils uaRresad gansxvavebuli mimarTuleba aqvs, maSin didi 
albaTobiT isini sxvadasxva figurebs ekuTvnian. 
figurebis optimizacia. miniWebuli wertilebis simravlis Secvlis Semdeg 
gamoiyeneba xelaxla morgebis safexuri. figurebis geometriuli cdomilebis 
optimizaciis mizniTYgamoiyeneba Sewonili umciresi kvadratebi. Tu figuras ar gaaCnia an 
mcire raodenobiT aqvs miniWebuli wertilebi, iSleba da wertilebi saTaurdeba, rogorc 
miuniWebeli. 
scenis zogierTi detali wertilebis simravleSi SesaZloa damaxinjdes, 
gansakuTrebiT ki maSin, rodesac gamoiyeneba daukalibrebeli fotokamerebi da scena 
mxolod ramdenime xediT aris gadaRebuli. am yvelaferma SesaZloa mogvces sawyisi 
figurebis araswori formebi, magaliTad, planaruli kedeli gamoisaxeba mozrdili 
radiusis mqone cilindris mcire fragmentis saxiT. Cven viyenebT martiv evristikas, 
rodesac yvela figura mowmdeba, SesaZlebelia Tu ara misi Canacvleba sibrtyiT saSualo 
narCenis orjer metad gazrdis gareSe. konusebi SesaZloa Canacvldes cilindrebiT. 
xelaxali nimuSis aReba. inicializaciis etapze nimuSad aRebuli wertilebis 
grafiks gaaCnia fiqsirebuli τ mniSvneloba, romelic gansazRvravs saSualo daSorebas 
grafikis wveroebs Soris. zogierTi scenisTvis gamosadegia τ-is sxvadasxva mniSvnelobebis 
gamoyeneba sxvadasxva detalebisTvis. magaliTad, oTaxis interieris kedlebis modelireba 
SesaZlebelia grafikis mcire raodenobis wveroebiT, maSin rodesac avejsa da sxva nivTebs 
meti wvero sWirdeba. 
aqedan gamomdinare, algoriTmis konvergenciis Semdeg SesaZlebelia segmentaciis 
procesis xelaxla dawyeba τ-is Semcirebuli mniSvnelobiT. Tu areali mimdinare 
segmentaciiT naTlad ar aRiwereba anu areals gaaCnia grafikis miuniWebeli wveroebi, 
maSin misi nimuSi xelaxla aiReba Semcirebuli τ-iT. grafikis Sesabamisi wveroebi 
Canacvldeba ufro mWidro nimuSebiT (nax.4). 
 
nax.4 CarCos optimizaciis magaliTi 
 
CarCos optimizacia (TeTr piqselebs siRrmis mniSvneloba ar gaaCnia, xolo Savi 
piqselebi optimizaciis procesSi ar monawileobs): a) gajerebuli piqselebi fiqsirebuli 
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saTaurebiT; b) optimizirebuli piqselebi; g) yvela piqseli (optimizirebuli da 
globaluri grafikidan aRebuli) da d) samganzomilebiani xedi. 
 
5. CarCoebis segmentacia 
segmentaciis algoriTmis ukanasknel etapze globaluri grafikis segmentacia 
proeqcirdeba individualur CarCoebze. segmentacis TiToeuli CarCosTvis 
individualurad gamoiTvleba da aucilebelia Tavsebadi iyos globalur segmentaciasTan. 
mxolod validuri siRrmiTi parametris mqone piqselebi eqvemdebareba ganxilvas, vinaidan 
saWiroa samganzomilebiani poziciebi. TiToeuli piqselisTvis gamoikvleva grafikis 
poziciebi, romelTa daSoreba aris 3τ.  
Tu yvelas erTi da igive saTauri aqvs da piqselebis samganzomilebiani poziciebi 
Tu perpendikularebi miesadageba Sesabamis figuras, maSin piqseli am figurasTan erTad 
saTaurdeba. sxva SemTxvevaSi piqseli amouxsnelad miiCneva da saukeTeso saTauri 
optimizaciis Sedegad SeirCeva.  
gamosaxulebis yvela amouxsneli regionisTvis viyenebT grafikuli kveTis optimi-
zacias. regionebi gazrda gajerebis meTodiT xdeba, raTa gamosaxulebis danarCen 
fragmentebze validuri gadasvlebi moxdes. gajerebuli piqselebisTvis ukve SerCeulia 
unikaluri saTauri. aqedan gamomdinare, am saTaurisTvis viyenebT nulovani mniSvnelobis 
mqone safasurs, xolo yvela danarCeni saTaurisTvis – Zalian didi mniSvnelobis mqone 
safasurs.  
amouxsneli piqselebisTvis gamoiyeneba optimizaciis igive amocanebi, rogoric 
globaluri grafikis optimizaciisTvis (1 da 2 formulebi). momijnave piqselebisTvis 
gamoiyeneba sirbilis safasuri, Tu isini ar aris gamijnuli mozrdili siRrmiTi 
wyvetebiT. garda amisa, aucilebelia davrwmundeT, rom globaluri grafikis dasaTaureba 
zustad miesadageba individualur CarCoebs. aqedan gamomdinare, Tu piqselis samezobloSi 
saTaurebi ar gvxvdeba, maTTvis damatebiTi safasurebi gamoiyeneba. Mme-5 naxazze naCvenebia 
CarCos optimizaciis ramdenime etapi. 
 
 
nax.5 gaerTianebuli modelis virtualurad agebuli siRrmiTi  
rukebis CarCoebis segmentacia.  
 
a) gaerTianebuli modelis virtualurad agebuli siRrmiTi rukebis CarCoebis 
segmentacia da globaluri grafiki;  
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b) Tavdapirvelad gamovlenili figurebisa da blokuri modelis optimizaciis 
Sedegis Sedarebaa.  
orive modelze saavtoro uflebas flobs AIM@SHAPE. 
TiToeuli CarCo individualurad muSavdeba da sruliad damoukidebelia sxva 
CarCoebisgan. amgvari meTodi efeqturad iyenebs mexsierebas da ramdenime CarCo iolad 
muSavdeba paralelurad. zogierTi programuli uzrunvelyofisTvis problemas qmnis is 
faqti, rom sxvadasxva CarCoebis mcire, gadafaruli arealebi araTanmimdevrulad aris 
dasaTaurebuli, rodesac maTi gamokveTili konturebi ar gaaCniaT.  
 
3. daskvna 
algoriTmi gamocdilia sxvadasxva sawyis monacemebze. Sedegebi adasturebs, rom 
ZiriTadi figurebis gamovlena warmatebiT xdeba, xolo siRrmiTi rukebi segmentirdeba 
sagnebis kideebis gaswvriv. 5 suraTze naCvenebia virtualurad agebuli siRrmiTi rukebis 
Sedegebi. 5 (b) suraTze naCvenebia, rogor aumjobesebs Cvens mier miRebuli optimizacia 
Tavdapirvelad gamovlenil figurebs. am SemTxvevaSi gansakuTrebiT umjobesdeba marcxena 
horizontaluri cilindris parametrebi, xolo marcxena da marjvena cilindrebi 
gaerTianebulia. 
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INTERACTIVE THREE-DIMENSIONAL RECONSTRUCTION BASED  
ON RGB-IN IMAGE 
Mzia Kiknadze1, Ivane Makasarashvili1, Mikheil Dardjania2 
1-Georgian Technical University,  
2- Tbilisi State Academy of Art 
Summary 
In this paper, we focus on the reconstruction of buildings and therefore exploit common 
characteristics of architectural scenes. Many buildings can be approximated with piecewise-
planar models and the planes are orthogonally aligned. In contrast, extensive 3D information 
is available in the form of an unstructured point cloud. Therefore, it is possible to 
automatically detect scene planes and create 3D models without any user input. We introduce 
a novel method for automatically reconstructing low-polygonal meshes from point clouds. 
The point cloud is analyzed for extracting globally consistent surface normals, which are then 
used to robustly detect planes. If oriented images of the scene are available, it is possible to 




ИНТЕРАКТИВНАЯ ТРЕХМЕРНАЯ РЕКОНСТРУКЦИЯ НА ОСНОВЕ  
RGB-В ИЗОБРАЖЕНИЕ 
М.Кикнадзе1 , И.Макасарашвили 1, М. Дарджаниа 2 
1-Грузинский Технический университет, 
2-Тбилисская Государственная Академия Художеств  
Им.А.Кутателадзе 
Резюме 
Представлена система реконструкции поверхностей как с изображения так и с 
наборов точек. Внимание обращено к информации, которая занесена с RGB-D 
фотокамер, в то время когда снятие сцены происходит с помощю множества красочных 
изображении или же при помощи плотного множемтва точек. В это же время мы 
можем применить бльшое количество компонентов алгоритма реконструкции для 
информации внесеннои при помощи других источников. Реконструкция основывается 
на нескольких примитивах фигуры, которые предлагают нам высокое качество 
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gamoyofil arxebze sarealizacio globaluri qselebis  
sistemoteqnikis zogierTi aspeqtis SemuSavebisa da  
gamoyenebis Sesaxeb    
oTar natroSvili, aleqsandre robitaSvili 
saqarTvelos teqnikuri universiteti 
reziume 
   ganxilulia globaluri kompiuteruli qselebis organizebis sakiTxebi 
satelekomutacio kompaniebis mier gamoyofil arxebze. warmodgenil statiaSi yuradReba 
daTmobili aqvs multipleqsirebis meTodebs, romlebic gamoyenebulia arxebSi gamavali 
signalebis droiTi an sixSiruli dayofisaTvis. xazgasmulia aseTi qselebis 
infrastruqturaSi sakomutacio centrebis Seqmnis mniSvnelobaze, romlebic mxars dauWeren 
sadiagnostiko procedurebsac qselis daSorebul sadgurebze. 
   sakvanZo sityvebi: globaluri qselebis sistemoteqnika, multipleqsirebis meTodebi, 
sakomutacio centrebi. 
1. Sesavali 
globaluri masStabis kompiuteruli qselebis sistemoteqnikis efeqturi SemuSaveba, 
maTi instalireba da eqspluatacia warmoadgenen sakmaod rTulad gadasawyvet sainJinero – 
teqnikur amocanebs. aseTi tipis qselebis ageba mWidrodaa dakavSirebuli cifruli 
sakomunikacio arxebis efeqtur gamoyenebasTan, romlebSic satelefono kompaniebis 
provaideruli samsaxurebidan gamoyofili xazebis saxiT gadaecemaT sargeblobaSi 
kompiuteruli qselis administratorebs. 
specifikuri midgomebis aspeqtebis SemuSaveba da ganxilva globaluri kompiuteruli 
qseluri gaerTianebisaTvis, romlebic dakavSirebulia gamoyofil satelefono xazebTan, 
metad aqtualuri da sayuradReboa aseTi tipis qselebis organizebisaTvis, amitom 
warmodgenili statiis momdevno, ZiriTad nawilSi SevecadoT mokled ganvixiloT is 
niuansebi, romlebic daaxasiaTeben qselebis efeqtur realizaciebs msgavsi proeqtebis 
realurad ganxorcielebisaTvis.  
2. ZiriTadi nawili 
gamoyofili satelefono xazebi (Leased Lines) mTlianad an nawilobriv 
uzrunvelyofen globaluri kompiuteruli qselis infrastruqturis Seqmnas. mis 
sarealizaciod saWiroa satelekomunikacio meurneobaSi amJamad momqmedi mTeli rigi 
standartuli moTxovnebis dacva, romelTa codna aucilebelia kompiuteruli qselis 
specialistebis mxridan sxvadasxva saxis problemur sakiTxebSi Rrmad gasarkvevad. maT 
Sorisaa pirvel rigSi arxebis multipleqsireba xazebis sabazo gamtarunarianobis 
dasayofad (amJamad satelefono meurneobaSi iyeneben ZiriTadad 45mbit/wm-iani siCqaris 
arxebs, romlebic unda gaaCndes gamoyofil satelefono xazebs globaluri kompiuteruli 
struqturebis Sesaqmnelad). 
gamoyofili sakomunikacio arxebis moqmedebis proncipi (xazebSi gamavali signalebis 
multipleqsirebis CaTvliT) umetes SemTxvevebSi arasakmarisadaa ganmartebuli da xSirad 
gaugebaricaa xelmisawvdom literaturaSi TviT qselebis specialistebisaTvisac ki, amitom 
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isini Semoifarglebian ZiriTadad imis elementaruli codniT, rom globaluri 
kompiuteruli qselebis Sesaqmnelad saWiroa moxdes mxolod cifruli xazebis 
SemaerTebeli CanglebiT fizikuri SeerTebebi [1]. monacemTa mimReb – gadamcemi qselebis 
srulyofili organizebisas ki saWiroa im standartebis srulyofili codnac, romlebic 
aucilebelia msgavsi tipis qselebis Sesaqmnelad. zemoTxsenebuli specialistebi ki am 
ukanasknels naklebad aqceven jerovan yuradRebas, vinaidan isini Tvlian, rom radgan aseTi 
gadamcemi arxebi imyofebian satelekomunikacio kompaniebis daqvemdebarebaSi, “amis iqiT 
gaxedva maT ar undaT”. sinamdvileSi gamoyofili xazebiT organizebuli globaluri 
qselebis sistemoteqnikis realizaciis aspeqtebi sakmaod kargad unda iqnes SemuSavebuli, 
Seswavlili da gaanalizebuli, raTa Seiqmnas sasurveli parametrebiT monacemTa 
gadacemebisaTvis efeqturi funqcionaluri struqturebi kompiuteruli qselebis saxiT.  
kompiuterul qselebSi satelefono arxebis gamoyeneba pirvel rigSi sainteresoa 
aramarto xmovani signalebis cifrul formatSi warmosadgenad, aramed maT gaaCniaT mTeli 
rigi upiratesobebi. cxadia, maT Soris aris iseTi mTavari, rogoricaa gamoyofili arxebis 
dayofa maTSi gatarebuli signalebisaTvis. aseT procedurebs zogadad uwodeben signalebis 
droiT an sixSirul multipleqsirebas. garda amisa swarmoebs (satelefono xazebSi) 
gamavali signalebis frontebis aRdgena da gaZliereba, arxebSi warmtani signalebis 
impulsebis SemWidroveba (xSirad uwodeben SekumSvas) da a.S. yovelive zemoTCamoTvlil 
gardaqmnebs axorcielebs gamoyofil xazebze organizebuli qselebis mimReb – gadamcem 
traqtebSi uSualod monawile aparaturis sistemoteqnika.   
gamoyofili cifruli xazebis intensiuri gamoyeneba ganapiroba: 
1. telesakomunikacio infrastruqturaSi monacemTa gadamcemi cifruli xazebis 
Seqmnam (Sesabamisad maT bazaze saWiro meTodebisa da am meTodebis sarealizacio 
mowyobilobebis SemuSavebam); 
2. cifruli telefoniis meqanizmebis praqtikaSi intensiurma danergvam; 
3. qselebis saxiT satelefono arxebis sistemurma gaerTianebam (erTmaneTTan 
dakavSirebam).  
rogorc cnobilia, satelefono xazebi tradiciurad didi xania gamoiyeneba xmovani 
arxebis garkveuli simravlis gasaerTianeblad erT maRalmwarmoeblur arxSi. am funqciis 
Sesasruleblad Seiqmna meqanizmi, romelmac daakavSira monacemTa ramodenime Semavali nakadi 
erTmaneTTan erT saerTo xazSi (magistralSi), xolo Semdeg moaxdina maTi kvlav dayofa 
ramodenime komponentad individualur momxmarebelze an erTdroulad ramodenime 
momxmareblebze (uwodeben jgufur ganawilebas) gadasacemad. aseT Sualedur gardaqmnebs 
warmatebiT axorcielebs meqanizmi, romelsac rogorc zemoT aRvniSneT, multipleqsirebis 
meqanizmi ewoda. es ukanaskneli amJamad realizdeba ramodenime meTodiT. aRvniSnoT 
ramodenime maTgani: 
1. arxebis gatarebis zolis dayofa drois mixedviT (TDM – Time Division 
Multiplexing); 
2. gatarebis zolis dayofa signalebis sixSireTa diapazonebad (FDM – Frequency 
Division Multiplexing).  
pirveli meTodis gaoyenebis dros signalebis gatarebis zoli iyofa drois 
elementarul intervalebad, romlebic unawildeba (daeTmoba) TiToeul mowyobilobas 
specialuri algoriTmiT. aseTi sabazo arxi cnobilia T1 gamoyofili arxis saxelwodebiT. 
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misi gamtarunarianoba Seadgens 1,544 mbit/wm-s, romelic unda daiyos 125 mikrowamis 
ganmavlobaSi. aRniSnuli intervalis ganmavlobaSi saWiroebis mixedviT arxis es 
gamtarunarianoba gadaecema sxva sadgurs, romelic Tavis mxriv moaxmars sakuTari 
monacemebis gadacemebs. amiT miiRweva arxis sixSireTa zolis efeqturi dayofa (ganawileba) 
droSi. Tumca aqve saWiroa aRiniSnos isic, rom amgvar multipleqsirebas gaaCnia Tavisi 
naklovanebac. igi moiTxovs damatebiTi arxebis gamoyenebis saWiroebas sinqronizaciis 
kodebis gadasacemad.  
amgvari naklisagan dazRveulia multipleqsirebis meore meTodi (FDM), Tumca masac 
Tavis mxriv gaaCnia aseve sakuTari nakli. igi mdgomareobs imaSi, rom romelime dayofili 
sixSire ar SeiZleba gamoyenebuli iqnes sxva arxisaTvis signalebis (e.i. sxva sadgurebidan 
amave arxSi miwodebuli monacemebis) gadasacemad. aqve SevniSnoT isic, rom es meTodi ufro 
naklebefeqtiania zemoTganxilul pirvel meTodTan (TDM) SedarebiT. ris gamoc monacemTa 
gadamcemi qselebisaTvis upiratesoba eniWeba ufro TDM meTods, e.i. multipleqsirebis 
droiT intervalebad dayofis meTods.  
globaluri qselebis sistemoteqnikis aseTi realizaciebis dros satelekomunikacio 
kompaniebi mxars uWeren (infrastruqturaSi qmnian) sakomutacio centrebis Seqmnis ideas. 
sakomutacio centrebi, romlis gavliTac swarmoebs monacemTa nakadebis gadacemebi, ufro 
ZviradRirebulia. aseTi meTodebis gamoyeneba Tumca zrdis monacemTa gadacemebis 
geografiul manZilebs (mxedvelobaSi gvaqvs sadgurebs Soris teritoriul daSorebebs), 
amasTan iqmneba saWiroeba am ukanasknelis dayofa qselis infrastruqturaSi mTavar da 
Sualedur sakomutacio centrebad.  
globaluri qselebis realizaciis aseTi sistemoteqnikis gamoyenebas unda 
axasiaTebdes da Tan axlavs kidec kidev erTi damatebiTi niuansis gaTvaliswinebac. yvela 
ganapira kvanZebis (Tundac calkeuli sadgurebis) SeerTebas (Tavmoyras) axlomdebare 
sakomutacio centrTan unda hqondes mravaljeradi gamoyenebiTi xasiaTi. aseT dros 
trafikis SeerTebas da ganawilebas centralur ofisTan (aseve Sualedur ofisebSic) unda 
swarmoebdes sistematiurad. es ukanaskneli Seadgens aseTi sistemoteqnikis realizaciebis 
aucilebel pirobas.  
3. daskvna 
warmodgenili naSromis zemoTganxiluli ZiriTadi nawilidan SeiZleba gamovitanoT 
Semdegi arsebiTi daskvna. kompiuteruli qselebis sistemoteqnikuri midgomebis TiToeul 
realizaciebs gamoyofil arxebze gaaCniaT TavianTi rogorc dadebiTi, ise uawyofiTi 
mxareebic. amas garda gamoyofil arxebze globaluri qselebis amgvar organizaciebs imasTan 
erTad, rom maTi daxmarebiT mniSvnelovnad farTovdeba qselebis moqmedebis areali (rac, 
rogorc vaxseneT, dadebiT momentad unda CaiTvalos), gamoyofil xazebze qselur 
gadawyvetebs gaaCniaT is upiratesobac, rom infrastruqturas axasiaTebs monacemTa 
gadamcemi kvanZebis regularuli urTierTkavSiri centralur da Sualedur ofisebTan. es 
gvaZlevs imis saSualebasac, rom amgvar qselebSi SesaZlebelia gadacemebis manZilidan 
kontrolisa da diagnostirebis ganxorcieleba. am mizniT SesaZlebelia Seiqmnas specialuri 
sadiagnostiko testebi sxvadasxva sakomutacio centrebSi. amgvari sistemoteqnikuri 
gadawyveta SesaZleblobas mogvcems aseve mniSvnelovnad SevamciroT diagnostirebisaTvis 
saWiro droiTi da fuladi danaxarjebic, rac metad arsebiTia [1].  
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gamoyofil arxebze qselis sistemoteqnikur realizaciebs (saTanado topologiebis 
SerCevas da winaswar maT gaanalizebas) gaaCnia sakmaod rTuli xasiaTi. es ganpirobebulia 
imis aucileblobiT, rom praqtikulad yvela gamoyofili xazisaTvis saWiroa dayendes 
minimum ori an meti raodenobis sakomutacio centri. amgvari qselis organizaciisaTvis 
misi sarealizacio modeli rTulia Tundac imitom, rom is unda asaxavdes xazebis 
sadgurebis raodenobas gadamcemidan mimRebamde, romelTa ricxvi globalur qselSi 
savaraudod sakmaod did cifrs Seadgens.  
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DEVELOPMENTAND  APPLICATION  OF  SOME  ASPECTS  OF  SYSTEMS 
ENGINEERING  IMPLEMENTATION ON THE GLOBAL NETWORKS DEDICATED 
CHANNELS 
Natroshvili Otar, Robitashvili Alexander 
Georgian Technical University 
Summary 
The article discusses problems of organizing global computer networks on dedicated channels 
provided by telecommunications companies. The article focuses on the methods used to multiplex 
signals that are used for time or sequential segregation of signals running through the channels. 
Emphasis is made on the importance of creating switching centers within the infrastructure of the 
networks that support diagnostic procedures on remote stations. 
 
О  РАЗРАБОТКЕ И ПРИМЕНЕНИИ НЕКОТОРЫХ АСПЕКТОВ  
СИСТЕМОТЕХНИЧЕСКОЙ РЕАЛИЗАЦИИ ГЛОБАЛЬНЫХ СЕТЕЙ  
НА ВЫДЕЛЕННЫХ  КАНАЛАХ 
Натрошвили О.Г., Робиташвили А.Г.  
Грузинский  Технический  Университет  
Резюме 
Рассмотрены  вопросы  системотехнической  организации  глобальных  компьютерных 
сетей  на  выделенных  телекоммуникационными  компаниями  каналов. Большое  внимание  
уделено   применяемым  методам  мультиплексирования сигналов. Подчеркнуто значение  
создания  коммутационных  центров  в инфраструктуре  таких  сетей, которые  поддерживают  
диагностические  процедуры  на  удаленных  станциях.  
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sainformacio sistemebis usafrTxoebis infrastruqturis 
dagegmareba 
kaxaber JamuraSvili, roman samxaraZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba sainformacio sistemebis usafrTxoebis infrastruturis dagegmarebis 
problemebi da maTi gadaWris sakiTxebi. kerZod, SemoTavazebulia Tanamedrove programuli 
gadawyvetilebebi. Sedegad, SesaZlebeli xdeba informaciis eleqtronulad gadacema. es 
ukanaskneli ukve TavisTavad gulisxmobs imas rom ramdenjerme izrdeba informaciis 
gadacemis siswrafe,  printerebisa da sxva aparaturuli mowyobilobebis qselSi 
gaziareba, rac amcirebs arasasurveli aparaturis raodenobas. garda amisa, SesaZlebeli 
xdeba Seiqmnas eleqtronuli safosto sistema, rac bevrad amartivebs da aCqarebs 
kompaniaSi mimdinare procesebs. informaciuli infrastruqturis ganviTarebis Sedegad 
martivdeba komunikacia TanamSromlebs Soris, gadawyvetilebebis miRebis procesi bevrad 
ufro efeqturad da swrafad mimdinareobs, gacilebiT advilia Seqmnil eleqtronul 
sabuTebTan urTierToba da SemdgomSi maTi moZieba.     
sakvanZo sityvebi:sainformacio sistemebi. usafrTxoeba. lokaluri qseli. 
aparaturuli uzrunvelyofa. programuli uzrunvelyofa. 
 
1. Sesavali 
kompiuteruli lokaluri qselis arseboba aucilebelia Tanamedrove 
organizaciebisaTvis, sadac mniSvnelovania, rom operatiulad da centralizebulad 
moxdes informaciis damuSaveba da Sesabamisad, informacias ganesazRvros grifi. 
imavdroulad, lokaluri qseli rTuli sakabelo sistemaa, romlis gaerTianebisa da 
funqcionirebisTvis uamravi komponentia saWiro. aqedan gamomdinare, aucilebelia 
kvalificiuri da swori midgoma informaciuli infrastruqturis daproeqtebisa da 
Semdgom, misi montaJis dros. 
2. ZiriTadi nawili 
lokaluri gamomTvleli qseli(LAN) aparaturebisa da programuli momsaxurebis 
erTobliobaa, romelic kompiuterebs aerTianebs erTian gamanawilebel sistemad, 
informaciis damuSavebisa da Senaxvis saSualebad. aparaturul uzrunvelyofad SeiZleba 
CaiTvalos kompiuterebi, romlebsac aqvT qseluri adapterebi, sviCebi, routerebi, IP 
telefonebi, serverebi da yvela is mowyobiloba, romelsac ama Tu im gziT aqvs qselSi 
wvdoma da SeuZlia informaciis damuSavebaSi garkveuli monawileobis miReba [1].  
programul uzrunvelyofas warmoadgens yvela is programa, romelic gamoiyeneba 
informaciis damuSavebis, gadacemis, Sifraciisa da sxva samuSaoebisTvis. magaliTisTvis 
SeiZleba moviyvanoT:VPN (virtualuri kerZo qseli) – programuli uzrunvelyofa, 
romelic moSorebuli kompiuterisTvis informaciis usafrTxod gadacemis saSualebas 
iZleva. am tipis qseli specialuri Sifraciis meTodebiTaa daculi. 
Microsoft SQL Server – programuli produqti, romelic centralizebulad da onlain 
reJimSi informaciis damuSavebis saSualebas iZleva. informaciis damuSavebis da Senaxvis 
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es programuli produqti Zalze efeqturad gamoiyeneba mcire da saSualo zomis 
dawesebulebebSi.  
dReisaTvis informaciuli teqnologiebi aqtiurad gamoiyeneba TiTqmis yvela 
sferoSi. yvela organizaciasa da dawesebulebas gaaCnia garkveuli sainformacio baza, 
romliTac isini xelmZRvaneloben da iReben gadawyvetilebebs. xSir SemTxvevebSi es 
informacia konfidencialuria, romelzec mxolod garkveul pirebs aqvT wvdoma. 
efeqturi, usafrTxo da daculi informaciuli infrastruqturis Sesaqmnelad 
aucilebelia Tanamedrove organizaciebSi Sesabamisi informaciuli sistemebis danergva.   
informaciis damuSavebis avtomatizeba, informaciis damuSavebis meTodebisa da 
formebis garTuleba pirdapirproporciulad aris damokidebuli momxmareblis mier 
moTxovnil usafrTxoebis saimedoobaze. rac ufro saimedoa informaciis dacvis sistema, 
miT ufro rTulia dacvis meTodebi da formebi. yovelgvari informaciuli usafrTxoebis 
mxardaWera pirdapir aris dakavSirebuli organizaciis informaciuli usafrTxoebis 
politikasTan [2].  
Catarebulma kvlevebma aCvena, rom jer kidev bolomde ar aris Seswavlili da 
dadgenili is standartebi, romlebic srulad uzrunvelyofs informaciis usafrTxoebas. 
informaciis usafrTxoebis sakiTxebi sul ufro da ufro aqtualuri xdeba TiTqmis 
yvela Tanamedrove organizaciisTvis. amis gamo, organizaciebi xSirad qiraoben specialur 
kompaniebs/specialistebs TavianTi organizaciebis usafrTxoebis Semowmebis mizniT.  
garkveuli tipis dawesebulebebs, magaliTad, saaqcio sazogadoebebs, xSir 
SemTxvevaSi, aqvT mTeli rigi ganyofilebebi, dakompleqtebuli profesionalebiT, 
romlebic uzrunvelyofen usafrTxoebis normebis, CarCoebis gamarTvas da maT 
srulfasovan funqcionirebas. 
dReisaTvis es sfero jer kidev ganviTarebis etapzea da sagrZnobi popularobiT 
gansakuTrebiT did organizaciebSi sargeblobs. imisaTvis rom SesaZlebeli iyos 
informaciaze wvdomis kontroli, aucilebelia rogorc aparaturuli, ise programuli 
saSualebebis efeqturad funqcionireba.  
1-el naxazze naCvenebia, rogor unda iyos gamarTuliinformaciuli 
infrastruqtura mcire organizaciebSi, aparaturuli da programuli saSualebebis 
minimaluri nakrebis gamoyenebiT.    
aseTi sistema idealuria mcire zomis obieqtisTvis, romelsac savsebiT 
daakmayofilebs gamoyenebuli aparaturis warmadoba.  
davaxasiaToT mokled TiToeuli maTgani [3]:  
• Firewall(brandmaueri) – aparaturuli an programuli uzrunvelyofaa, romelic 
axorcielebs masSi Semavali paketebis trafikis kontrols da filtracias. misi ZiriTadi 
amocana lokaluri qselis an misi calkeuli kvanZebis arasanqcirebuli wvdomisgan dacvaa. 
is krZalavs araavtorizirebul wvdomas da nebas rTavs mxolod avtorizebul kavSirs 
rogorc qselidan gamaval paketebze, aseve qselSi Semaval paketebze. organizaciam, 
romelsac jer kidev ara aqvs Camoyalibebuli informaciuli usafrTxoebis 
infrastruqtura, swored am meqanizmis danergviT unda daiwyos;  
• Authentication server (auTentifikaciis serveri) – SesaZleblobas gvaZlevs SevqmnaT 
moqnili ierarqia Cveni garemosaTvis.  
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nax.1. sainformacio sistemebis usafrTxoebis infrastruqtura. 
mTavar administrators, misi gamoyenebiT, SeuZlia garkveuli uflebebis delegireba 
moaxdinos adgilobriv administratorebze, gundis wevrebze an jgufebze;SesaZlebelia 
ierarqia aigos nebismieri sasurveli gziT - geografiuli adgilebis, qveganyofilebebis, 
zodiaqos niSnebis da a.S. mixedviT; agreTve uzrunvelyofs qselSi kompiuterebisa da 
momxmareblebis kontrols; 
• Switch (sviCi) –sxvadasxva qseluri mowyobilobis qselSi CarTvis saSualebas 
iZleva. garda amisa, misi erT-erTi funqciaa deteqtireba moaxdinos da qselSi SeuSvas 
mxolod saWiro aparatura; 
• Router(routeri) –uzrunvelyofs qselSi arsebuli paketebis marSrutizebas, rac 
mTeli sistemisTvis umTavresi amocanaa. is unda iyos maqsimalurad Zlieri imisaTvis, rom 
SeZlos masTan misuli informaciis srulad damuSaveba; 
• DBA serverze inaxeba yvela is informacia, romelic gaaCnia dawesebulebas; 
• App serveris arseboba mniSvnelovania informaciis Segroveba – damuSavebisTvis.  
3. daskvna 
zemoT ganxiluli komponentebis gareSe informaciuli infrastruqturis agebis 
dawyeba SeuZlebelia. am komponentebze unda moxdes resursis koncentrireba da SeirCes 
maqsimalurad sworad, raTa Semdgomi infrastruqturuli ganviTareba warmatebiT 
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dasruldes. Tanamedrove organizaciebisaTvis informaciuli infrastruqturis ganviTareba 
xels uwyobs informaciis efeqtur damuSavaebas, optimalurs xdis organizaciis 
mmarTvelobas, finansuri danaxarjebisa da drois efeqturad gamoyenebis saSualebiT. 
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DEVELOPMENT OF SECURITY INFRASTRUCTURE OF  
INFORMATION SYSTEMS  
Jamurashvili Kakhaber, Samkharadze Roman 
Georgian Technical University 
Summary 
Article discusses information system security infrastructure planning problems and 
respective solution issues. In particular, modern software solutions are discussed. As a result, it 
becomes possible to transmit information electronically. The latter implies that the transmission 
speed is increased several times; It becomes possible to share printers and other hardware devices 
in the network, thus reducing the number of unwanted equipment. In addition, it is possible to set 
up an electronic mailing system that makes it much easier and accelerates the processes occurring 
in the company. Information infrastructure simplifies communication among employees, the 
decision-making process is much more efficient and quicker, much easier to communicate by 
electronic documents and their subsequent retrieval. 
 
РАЗРАБОТКА ИНФРАСТРУКТУРЫ БЕЗОПАСНОСТИ  
ИНФОРМАЦИОННОЙ СИСТЕМЫ 
Жамурашвили К., Самхарадзе Р.  
Грузинский Технический Университет 
Резюме  
Становиться возможным эффективная электронная передача информации. Это 
подразумевает, что в несколько раз возрастает скорость передачи информации, становится 
возможным поделится принтерами и другими сетевыми устройствами в сети, что уменьшает 
количество нежелаемой аппаратуры. Кроме этого, становиться возможным создание 
электронной почтовой системы, что намного упрощает и ускоряет все процессы, 
протекающие в компании. В результате развития инфраструктуры упрощается 
коммуникация между сотрудниками, процесс принятия решений становиться более 
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Tanamedrove kriptografiuli meTodebi 
kaxaber JamuraSvili, roman samxaraZe 
saqarTvelos teqnikuri universiteti 
reziume 
 ganixileba Tanamedrove kriptografiuli meTodebi, kerZod SemoTavazebulia Ria 
da asimetruli gasaRebebis DdaSifrvis meTodebi ganxiluli maTi dadebiTi da uaryofiTi 
mxareebi, Sedegad SemoTavazebuli Sifraciis Tanamedrove praqtikuli gadawyvetebi. Ria 
gasaRebis kriptosistemebi ZiriTadad gamoiyeneba, rogorc hibriduli sistemebi, sadac 
informaciis Sifracia/deSifraciisaTvis gamoiyeneba swrafi simetriuli algoriTmebi, 
xolo misi gasaRebis marTvisa da gadacemisaTvis gamoiyeneba SedarebiT neli asimetriuli 
algoriTmebi. rogorc vxedavT, calmxrivi funqciebi ZiriTadad warmoadgens ricxvTa 
Teoriis iseT amocanebs, romelTa amoxsnis algoriTmi arapolinomiuria. amitom 
mowinaaRmdegisaTvis SeuZlebeli xdeba Ria gasaRebidan saidumlo gasaRebis aRdgena, rac 
warmoadgens aseTi kriptosistemebis saimedoobis safuZvels. 
sakvanZo sityvebi: kriptografuli meTodebi. Ria gasaRebi. daxuruli gasaRebi. 
1. Sesavali 
xSirad gvxvdeba situaciebi, rodesac CvenTvis ara imdenad mTavaria informaciis 
konfidencialurobis dacva, ramdenadac imis codna, moaRwia Tu ara Cvenamde informaciam 
Seucvleli saxiT. marTlac, interneti Seiqmna ara informaciis dasamalad, aramed 
informaciis gasacvlelad adamianebs Soris. amitomac am SemTxvevaSi mTavaria informaciis 
mTlianobis problema, damaxinjda Tu ara informacia (uneblied Tu winaswari ganzraxviT) 
qselSi gadacemis dros da ara konfidencialobis problema. aseve SesaZlebelia situacia, 
rodesac Setyobinebas Tqveni partnioris saxeliT agzavnis sruliad sxva piri, anu xdeba 
imitacia. 
2. ZiriTadi nawili 
informaciis mTlianobisa da imitaciisagan Tavis dasacavad saWiroa gadaiWras 
informaciisa da avtorobis identifikaciisa da auTentifikaciis problema, romelic 
SeiZleba sulac ar iyos dakavSirebuli konfidencialobis problemasTan. aseve advili 
SesaZlebelia, rom Setyobineba gamogigzavnoT namdvilad Tqvenma saqmianma partniorma, 
magram meore dRes man uaryos am Setyobinebis avtoroba. arc es momenti iqneba TqvenTvis 
sasiamovno, amitom unda SegeZloT daumtkicoT Tqvens partniors, rom werili mis mier 
iyo gamogzavnili. anu Setyobinebis avtors ver unda SeeZlos uaryos Tavisi avtoroba.   
am problemis gadaWra simetriuli kriptografiis saSualebiT araefeqturia, amitom 
dRes aseTi amocanebis gadasaWrelad gamoiyeneba Ria gasaRebiani kriptografia . Ria 
gasaRebian kriptografiaSi gvaqvs ori gasaRebi, erTi saidumlo (deSifraciis gasaRebi), 
romelic cnobilia mxolod informaciuli urTierTobis erTi subieqtisaTvis da meore, 
Ria gasaRebi (daSifrvis gasaRebi), romelic cnobilia yvela danarCeni subieqtisaTvis. Ria 
gasaRebi gamoqveynebulia qselSi da nebismier subieqts SeuZlia daSifros am gasaRebiT 
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informacia. daSifruli informaciis deSifracia SesaZlebelia mxolod saidumlo 
gasaRebiT, amitom mxolod am gasaRebis mflobels SeuZlia gaSifros informacia. Ria 
gasaRebiani kriptografiis safuZvels warmoadgens e.w. calmxriv mimarTuli funqcia.  
simetriuli kriptografia iyenebs meTodebs, romlis drosac informaciis gamgzavni 
da mimRebi iyeneben erTsa da imave gasaRebs (iSviaTad sxvadasxvas, magram am SemTxvevaSi 
erTi gasaRebi iolad gamoiTvleba meoridan). 1976 wlamde es Sifraciis erTaderTi 
meTodi iyo.  
Tanamedrove simetriuli kriptografia dakavSirebulia ZiriTadad blokur 
SifrebTan, nakadur SifrebTan da maT gamoyenebasTan [1]. blokuri Sifri faqtobrivad 
polialfabeturi Sifris modifikaciaa: aiReba sawyisi teqstis garkveuli sigrZis nawili 
(bloki) da gasaRebi, Sedegad miiReba igive (iSviaTad gansxvavebuli) sigrZis 
Sifroteqsti. Sifroteqstis Semadgeneli blokebis erTmaneTTan SerwymisaTvis gamoiyeneba 
sxvadasxva meTodebi, romlebsac mTlianobaSi qmedebis reJimi ewodeba.  
monacemTa Sifraciis standarti(Data Encryption Standard – DES) da gaumjobesebuli 
Sifraciis standarti (Advanced Encryption Standard – AES) blokuri Sifrebia[2]. 
DES (da misi nairsaxeoba3DES) jerac rCeba erTerT yvelaze popularul 
algoriTmad da farTod gamoiyeneba. Tumca misi gasaRebis sigrZis arasakmarisobis gamo, 
xdeba misi Canacvleba sxva, ufro Tanamedrove algoriTmebiT.  
dRemde gamogonilia mravali blokuri Sifri, maTi umetesoba gatexilia 
warmatebuli kriptoanalizis Sedegad. nakaduri Sifri qmnis ganusazRvreli sigrZis 
gasaRebs, romelic Semdgom uerTdeba sawyis infromacias (bitobrivad an baitobrivad). 
gamomavali informacia damokidebulia Sifris Sinagan mdgomareobaze, romelic moqmedebis 
mimdinareobisas icvleba. sawyisi msgomareoba damokidebulia Sifris gasaRebze (zogierT 
nakadur SifrSi teqstzec). nakaduri Sifris magaliTia RC4.kriptografiuli heS-
funqciebi (teqstis anabeWdis funqciebi) kriptografiuli algoriTmebis mniSvnelovani 
klasia. isini iRebs sawyis mniSvnelobad teqsts da ukan abrunebs fiqsirebuli sigrZis 
heSs, romlis dakavSireba sawyis mniSvnelobasTan problemaa.  
aseT funqciebs calmxriv funqciebsac eZaxian. saukeTeso algoriTmebisaTvis 
koliziebi (ori teqsti, romelTa heSi erTi da igivea) rTuli mosaZebni unda iyos da 
amis albaToba minimumamde unda iyos dayvanili. Setyobinebis auTentifikaciis kodebi heS-
funqciebis msgavsia, im gansxvavebiT, rom heS-mniSvnelobis Sesamowmeblad gamoiyeneba 
saidumlo gasaRebi.  
qselSi yovel sxvadasxva wyvils uwevs iqonios calke gasaRebi, rac wyvilTa 
raodenobis gazrdisas gasaRebebis raodenobis kvadratuli proporciiT gazrdas iwvevs. 
or mokavSire mxares Soris gasaRebis gacvla, maSin, roca jer ar arsebobs daculi 
sakomunikacio arxi, `kvercxis da qaTmis” problemas emsgavseba (gasaRebis gacvla unda 
moxdes farulad, farulad gacvla iTxovs daSifrvas, daSifrva Tavis mxriv Txoulobs 
gasaRebis gacvlas da a. S.)  
1976 wels uitfild difim da martin helmanma warmoadgines asimetriuli 
kriptografia – kardinalurad gansxvavebuli koncefcia, romelSic gamoiyeneba ori 
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sxvadasxva, magram maTematikurad erTmaneTTan dakavSirebuli gasaRebi – Ria da faruli 
gasaRebebi. amave dros faruli gasaRebis miReba Ria gasaRebidan moiTxovs kolosalur 
gamoTvliT resursebs.  
asimetriul kriptografiaSi Ria gasaRebi SeiZleba yvelasTvis cnobili iyos, amave 
dros faruli gasaRebi saidumlod unda darCes. tipur SemTxvevaSi faruli gasaRebi 
gamoiyeneba Sifraciis dros, xolo Ria gasaRebi deSifraciis dros. difim da helmanma 
aseve warmoadgines difi-helmanis gasaRebis gacvlis protokoli.  
1978 wels kriptografebis jgufma ronald rivestis, adi Samiris da len 
edlmanis SemadgenlobiT Seqmnes meore asimetriuli kriptosistemaRSA [5]. difi-helmanis 
da RSA algoriTmebi dRes farTod aris gavrcelebuli. arsebobs aseve ramdenime sxva 
kriptosistema, romelic Ria gasaRebis koncefcias iyenebs. 
Sifraciis garda asimetriuli kriptografia gamoiyeneba cifruli xelmo-
werebisaTvisac. cifruli xelmowera Cveulebriv xelmoweras imiT waagavs, rom misi 
mflobelisaTvis misi Seqmna da gankargva martivia, xolo ucxo pirisaTvis misi 
dublireba – SeuZlebeli.  
cifruli xelmowerebi gamoiyeneba or algoriTmSi:  
1) xelmowera, sadac faruli gasaRebi gamoiyeneba teqstis an teqstis heSis 
SifraciisaTvis;  
2) Semowmeba, sadac Ria gasaRebis meSveobiT xdeba deSifracia, mowmdeba teqstis heSi 
da amdenad teqstis mTlianoba da xelmoweris namdviloba.  
RSA da DSA warmoadgns cifruli xelmoweris yvelaze gavrcelebul algoriTmebs 
da farTod gamoiyeneba iseT protokolebSi, rogorebicaa SSL/TSL, VPN da sxva. 
 
3. daskvna 
gasaRebis marTvisa da gadacemisaTvis  gamoiyenebaRia gasaRebis kriptosistemebi, 
romelic dafuZnebulia „Zneli“ problemebis gamoTvliT sirTuleze. magaliTadRSA 
emyareba ricxvis faqtorizaciis problemas (anu didi ricxvis daSlas martiv 
mamravlebad), xolo difi-helmanis algoriTmi efuZneba diskretuli logariTmebis 
problemas. aseTi sistemebis umetesobaSi intensiurad gamoiyeneba moduliT gamravleba da 
axarisxeba, Sesabamisad gacilebiT meti gamoTvliTi simZlavrea saWiro, vidre simetriul 
sistemebSi, rac Sesabamisad kidev urfo arTulebs daSifruli informaciis deSifracias 
da zrdis SerCeuli meTodis sandoobas. 
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MODERN CRYPTOGRAPHIC METHODS 
Jamurashvili Kakhaber, Samkharadze Roman 
Georgian Technical University 
Summary  
Modern cryptographic methods are discussed in the present article. In particular, methods 
of public and asymmetric key encryption are discussed as well as their advantages and 
disadvantages. As a result, modern, practical encrypting solutions are given. Public key 
cryptosystems are mainly used as hybrid systems, in which fast symmetric algorithms are used for 
encrypting/decrypting of information, while for the reason of managing and transmitting its key – 
relatively slow, asymmetric algorithms are used. As we can see, the one-way functions mainly 
represent such problems of number theory of which solution algorithm is non-polynomial. 
Therefore, it is impossible for the opponent to recover secret key using the public one wich is the 
basis for reliability of such cryptosystems. 
 
СОВРЕМЕННЫЕ КРИПТОГРАФИЧЕСКИЕ МЕТОДЫ 
Жамурашвили К., Самхарадзе Р.  
Грузинский Технический Университет 
Резюме 
Криптосистемы открытых ключей в основном используются в качестве гибридных 
систем, где для шифрования / дешифрования информации используются быстрые 
симметричные алгоритмы, а для управления и передачи ключей используются 
относительно медленные асимметричные алгоритмы. Как видно, односторонние функции в 
основном представляют такие задачи теории чисел, алгоритм решения которых 
неполиномный. Поэтому невозможно восстановить секретный ключ из открытого ключа, 
что является основой для обеспечения надежности таких криптосистем. 
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informaciis daSifvris simetriuli kriptografiuli  
sistemebisaTvis saidumlo gasaRebis maformirebeli algoriTmi 
vasil kuciava, ana kuciava, qeTevan gogua,  
giorgi gogolaZe 
saqarTvelos teqnikuri universiteti     
reziume 
ganxilulia informaciis daSifvris simetriuli kriptografiuli sistemebisaTvis 
saidumlo gasaRebis maformirebeli originaluri algoriTmi. am algoriTmiT xdeba 
SemTxveviTi mniSvnelobis da SemTxveviTi sigrZis mqone saidumlo gasaRebis miReba. 
gasaRebi Sedgeba mimdevrobiT dawerili didi raodenobis aTobiTi cifrebisgan da igi 
formirdeba programulad algoriTmSi moyvanili garkveuli procedurebis Sesrulebis 
Sedegad. korporaciuli qselis kavSiris xazSi ar gadaicema daSifvris procedurebSi 
monawile arc  erTi parametris namdvili mniSvneloba. gasaRebis mniSvneloba ucnobia 
korporaciul qselSi CarTuli kanonieri momxmareblebis momsaxure personalisaTvis. 
warmodgenili algoriTmi gamoirCeva kriptomedegobiT da maRali swrafqmedebiT.   
sakvanZo sityvebi: simetriuli kriptografiuli sistema. eileris funqcia. saidumlo 
gasaRebi. matrica.kvadratuli gamonaqviTi. martivi ricxvi. 
 
1. Sesavali 
korporaciul qselebSi CarTul kanonier momxmareblebs Soris gadacemuli 
informaciis konfidencialurobis uzrunvelsayofad farTod gamoiyeneba simetriuli (maga-
liTad: 𝑫𝑫𝑫𝑫𝑫𝑫,𝑰𝑰𝑫𝑫𝑫𝑫𝑰𝑰,𝑹𝑹𝑹𝑹𝑹𝑹,𝑹𝑹𝑹𝑹𝑹𝑹,𝑰𝑰𝑫𝑫𝑫𝑫da sxv.) kriptografiuli sistemebi. Aam sistemebis 
ZiriTadi nakli aris is, rom gadasacemi informaciis daSifvrisas mTeli informacia iyofa 
garkveuli sigrZis blokebad (56-dan 128 orobiT bitamde) da yvela blokis daSifvra-
gaSifvra sruldeba erTi da imave sadumlo gasaRebiT. am garemoebis gamo kavSiris arxTan 
mierTebul arakanonier mimRebs SeuZlia ganaxorcielos kriptoanalizuri Seteva 
gasaRebebis yvela SesaZlo variantebis gadarCevis meTodiT an bandituri kriptoanalizis 
Sedegad (gasaRebis mniSvnelobis mopoveba daSinebis, wamebis, SantaJis an qrTamis micemis 
gziT).   
Aam naklis ugulebelsayofad  mizanSewonilia saidumlo gasaRebis mniSvnelobis 
misaRebadiseTi algoriTmis SemuSaveba, romelic qselSi CarTuli kanonieri momxmareb-
lebis momsaxure personalis yovelgvari monawileobis gareSe (gamoiricxeba bandituri 
kriptoanalizi) programulad  daaformirebs 128 bitze gacilebiT meti sigrZis gasaRebs 
(rac ufro didia gasaRebis sigrZe, miT ufro Znelia yvela SesaZlebeli variantis 
gadarCeva). gasaRebis dasaformirebel algoriTmSi gaTvaliswinebuli unda iyos: mravali 
proceduris Sesrulebis saWiroeba;  TiToeuli procedura unda sruldebodes sxvadasxva 
variantiT; sasurveli variantis arCeva unda xdebodes programulad.  
 
2. ZiriTadi nawili 
 
korporaciuli qselis ori momxmareblidan informaciis gadamcemi mxare axdens: 
sami martivi 𝑷𝑷𝟎𝟎,𝑸𝑸𝟎𝟎 da𝑹𝑹𝟎𝟎ricxvis SemTxveviT arCevas martivi ricxvebis Semcveli sami 
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bazidan(erTi ricxvi erTi bazidan); am ricxvebis dalagebas 𝑷𝑷𝟎𝟎 ≥ 𝑸𝑸𝟎𝟎 ≥ 𝑹𝑹𝟎𝟎pirobis 
SesrulebiT; saidumlo gasaRebis formirebas qvemoT ganxiluli algoriTmis mixedviT; Ria 
teqstis daSifvras simetriuli kriptografiuli  algoriTmiT; daSifruli informaciisa 
da arCeuli  𝑷𝑷𝟎𝟎,𝑸𝑸𝟎𝟎 da𝑹𝑹𝟎𝟎ricxvebis namravlis-  𝑵𝑵𝟎𝟎 = 𝑷𝑷𝟎𝟎 ∙ 𝑸𝑸𝟎𝟎 ∙ 𝑹𝑹𝟎𝟎gadacemas informaciis 
mimReb mxaresTan. es ukanaskneli 𝑵𝑵𝟎𝟎ricxvidan aRadgens 𝑷𝑷𝟎𝟎,𝑸𝑸𝟎𝟎 da𝑹𝑹𝟎𝟎 ricxvebs (𝑷𝑷𝟎𝟎 ≥ 𝑸𝑸𝟎𝟎 ≥
𝑹𝑹𝟎𝟎), saidumlo gasaRebis maformirebeli imave algoriTmiT daaformirebs gasaRebs da 
gaSifravs daSifrul teqsts.  saidumlo gasaRebis formirebis algoriTmi SemdegSi 
mdgomareobs: 
1. gamoiTvleba eileris funqciis mniSvneloba  
𝝋𝝋𝒊𝒊−𝟏𝟏(𝑵𝑵𝒊𝒊−𝟏𝟏) = (𝑷𝑷𝒊𝒊−𝟏𝟏 − 𝟏𝟏) ∙ (𝑸𝑸𝒊𝒊−𝟏𝟏 − 𝟏𝟏) ∙ (𝑹𝑹𝒊𝒊−𝟏𝟏 − 𝟏𝟏); 
2. ganisazRvreba 𝑷𝑷𝒊𝒊−𝟏𝟏,𝑸𝑸𝒊𝒊−𝟏𝟏da 𝑹𝑹𝒊𝒊−𝟏𝟏 ricxvebis erTeulovan TanrigSi moTavsebuli𝒂𝒂𝒊𝒊−𝟏𝟏, 
𝒃𝒃𝒊𝒊−𝟏𝟏    da𝒄𝒄𝒊𝒊−𝟏𝟏cifrebisagan Sedgenili (𝒂𝒂𝒊𝒊−𝟏𝟏,𝒃𝒃𝒊𝒊−𝟏𝟏 ,𝒄𝒄𝒊𝒊−𝟏𝟏) wyvili. cxadia, rom TiToeuli 
ekuTvnis{𝟏𝟏,𝟑𝟑,𝟕𝟕,𝟗𝟗}simravles; 
3. gamoiTvleba:𝑲𝑲𝐢𝐢−𝟏𝟏 = 𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏)𝒎𝒎𝒎𝒎𝒎𝒎𝟏𝟏𝟎𝟎,   𝑻𝑻𝐢𝐢−𝟏𝟏 = 𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏)𝒎𝒎𝒎𝒎𝒎𝒎𝟏𝟏𝑹𝑹,    𝑫𝑫𝐢𝐢−𝟏𝟏 = 𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏)𝒎𝒎𝒎𝒎𝒎𝒎𝟑𝟑mniSvnelobebi, sadac 𝑲𝑲𝐢𝐢−𝟏𝟏,     𝑻𝑻𝐢𝐢−𝟏𝟏 da 𝑫𝑫𝐢𝐢−𝟏𝟏arauaryofiTi mTeli 
ricxvebia. radgan eileris funqciis  (𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏)) mniSvneloba luwi ricxvia, amitom 
𝑲𝑲𝐢𝐢−𝟏𝟏– is gamoTvlisas miiReba 0, 𝑹𝑹, 𝟒𝟒, 𝟔𝟔an𝟖𝟖; 𝑻𝑻𝐢𝐢−𝟏𝟏miiRebs erT-erT mniSvnelobas [𝟎𝟎,𝟏𝟏𝟒𝟒]Sualedidan, xolo  𝑫𝑫𝐢𝐢−𝟏𝟏ki𝟎𝟎, 𝟏𝟏 da 𝑹𝑹 mniSvnelobebidan erT-erTs;  
4. erTmaneTisgan gansxvavebuli 𝟏𝟏𝑹𝑹 × 𝑹𝑹 ganzomilebis mqone sami matricisa (𝟎𝟎, 𝟏𝟏 da 𝑹𝑹) 
dame-3 punqtSi gamoTvlili 𝑲𝑲𝐢𝐢−𝟏𝟏,     𝑻𝑻𝐢𝐢−𝟏𝟏 da 𝑫𝑫𝐢𝐢−𝟏𝟏mniSvnelobebis gamoyenebiT ganisazRvreba 
martivi ricxvebis daboloebebis axali (𝒎𝒎𝒊𝒊−𝟏𝟏,𝒆𝒆𝒊𝒊−𝟏𝟏 ,𝒇𝒇𝒊𝒊−𝟏𝟏) wyvili. 
matrica-0  𝐊𝐊 = 𝟎𝟎 𝐊𝐊 = 𝑹𝑹  𝐊𝐊 = 𝟒𝟒 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟖𝟖 
𝐓𝐓 = 𝟎𝟎 1,3,1 9,3,1 7,9,9 1,7,7 7,1,7 
𝐓𝐓 = 𝟏𝟏 7,7,9 3,3,7 7,1,1 1,1,3 9,9,9 
𝐓𝐓 = 𝑹𝑹 3,1,7 7,1,9 3,7,3 9,3,7 3,7,7 
𝐓𝐓 = 𝟑𝟑 1,9,3 1,3,9 9,3,9 3,1,9 1,3,3 
𝐓𝐓 = 𝟒𝟒 3,7,1 1,7,3 7,7,7 9,9,7 1,3,1 
𝐓𝐓 = 𝑹𝑹 1,3,7 3,9,3 7,3,1 1,7,9 3,7,3 
𝐓𝐓 = 𝟔𝟔 9,1,9 3,1,1 3,7,9 1,9,1 1,9,3 
𝐓𝐓 = 𝟕𝟕 3,9,7 1,1,7 7,1,7 3,3,9 7,1,1 
𝐓𝐓 = 𝟖𝟖 7,1,3 1,9,9 7,9,3 9,7,3 9,7,9 
𝐓𝐓 = 𝟗𝟗 9,9,1 3,7,7 9,7,1 9,9,3 3,1,9 
𝐓𝐓 = 𝟏𝟏𝟎𝟎 9,3,3 7,3,3 7,3,7 1,1,1 9,3,9 
𝐓𝐓 = 𝟏𝟏𝟏𝟏 3,3,3 3,3,1 1,1,9 9,1,7 7,9,17 
𝐓𝐓 = 𝟏𝟏𝑹𝑹 9,1,1 1,9,7 7,9,7 3,9,9 9,1,3 
𝐓𝐓 = 𝟏𝟏𝟑𝟑 7,7,3 7,9,1 3,1,3 9,7,7 3,3,7 
𝐓𝐓 = 𝟏𝟏𝟒𝟒 7,3,9 7,7,1 3,9,1 1,7,1 3,7,1 
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matrica-1  𝐊𝐊 = 𝟎𝟎 𝐊𝐊 = 𝑹𝑹  𝐊𝐊 = 𝟒𝟒 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟖𝟖 
𝐓𝐓 = 𝟎𝟎 7,9,3 3,7,1 9,7,7 7,1,1 3,3,1 
𝐓𝐓 = 𝟏𝟏 1,1,1 3,3,9 7,3,3 7,3,7 1,7,9 
𝐓𝐓 = 𝑹𝑹 3,7,9 9,7,3 9,3,1 7,9,9 9,3,7 
𝐓𝐓 = 𝟑𝟑 7,1,9 1,9,3 7,9,1 7,7,7 3,1,7 
𝐓𝐓 = 𝟒𝟒 1,3,9 9,1,1 9,1,3 7,3,1 3,9,3 
𝐓𝐓 = 𝑹𝑹 1,9,1 3,1,7 7,7,1 1,1,3 7,7,1 
𝐓𝐓 = 𝟔𝟔 3,1,3 3,9,9 7,3,9 1,9,1 9,9,1 
𝐓𝐓 = 𝟕𝟕 3,3,7 1,7,7 7,7,3 9,9,7 7,3,3 
𝐓𝐓 = 𝟖𝟖 1,7,1 3,3,3 9,3,7 7,7,9 7,1,9 
𝐓𝐓 = 𝟗𝟗 7,9,7 9,7,9 3,1,9 9,7,3 3,9,7 
𝐓𝐓 = 𝟏𝟏𝟎𝟎 1,1,7 3,9,1 1,9,7 3,9,3 7,1,3 
𝐓𝐓 = 𝟏𝟏𝟏𝟏 1,9,9 7,1,3 9,9,9 9,1,9 1,1,9 
𝐓𝐓 = 𝟏𝟏𝑹𝑹 3,7,7 1,3,7 9,9,3 7,1,7 3,1,1 
𝐓𝐓 = 𝟏𝟏𝟑𝟑 1,3,3 1,1,9 3,7,3 9,3,3 9,3,9 
𝐓𝐓 = 14 3,3,1 3,9,9 9,1,7 9,7,1 1,7,3 
matrica-2  𝐊𝐊 = 𝟎𝟎 𝐊𝐊 = 𝑹𝑹  𝐊𝐊 = 𝟒𝟒 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟖𝟖 
𝐓𝐓 = 𝟎𝟎 1,9,9 3,1,9 9,9,1 1,3,1 7,7,3 
𝐓𝐓 = 𝟏𝟏 3,1,1 9,3,9 9,3,3 3,9,1 9,3,7 
𝐓𝐓 = 𝑹𝑹 7,7,7 7,9,1 9,9,9 7,1,3 3,1,9 
𝐓𝐓 = 𝟑𝟑 1,3,9 9,1,3 9,1,1 1,3,7 1,9,7 
𝐓𝐓 = 𝟒𝟒 9,7,7 3,3,7 7,3,1 1,1,9 7,7,9 
𝐓𝐓 = 𝑹𝑹 3,3,1 3,7,1 7,3,9 3,9,7 9,9,3 
𝐓𝐓 = 𝟔𝟔 1,7,9 7,9,7 1,7,7 1,7,1 3,1,1 
𝐓𝐓 = 𝟕𝟕 9,3,7 7,1,7 1,1,1 3,7,9 9,1,7 
𝐓𝐓 = 𝟖𝟖 3,1,7 9,9,9 7,9,9 3,3,9 9,7,9 
𝐓𝐓 = 𝟗𝟗 3,9,3 3,7,7 3,1,3 9,7,3 9,9,7 
𝐓𝐓 = 𝟏𝟏𝟎𝟎 7,7,1 1,3,3 1,9,3 1,7,3 7,3,3 
𝐓𝐓 = 𝟏𝟏𝟏𝟏 9,7,1 1,9,1 3,7,1 9,1,1 9,3,1 
𝐓𝐓 = 𝟏𝟏𝑹𝑹 7,3,3 3,7,3 1,1,3 3,1,7 7,9,3 
𝐓𝐓 = 𝟏𝟏𝟑𝟑 7,1,9 1,9,3 9,1,9 3,9,9 9,1,3 
𝐓𝐓 = 𝟏𝟏𝟒𝟒 3,9,7 7,1,1 3,3,3 1,1,7 7,3,7 
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TiToeuli matrica Seicavs martiv ricxvTa daboloebebis 𝟕𝟕𝑹𝑹 variants (𝟔𝟔𝟒𝟒 
gansxvavebuli da 𝟏𝟏𝟏𝟏 gameoreba am 𝟔𝟔𝟒𝟒-dan) ganawilebuls Tanabrad xuT svetsa da 𝟏𝟏𝑹𝑹 
striqonSi. matricis nomeri SeirCeva 𝑫𝑫𝐢𝐢−𝟏𝟏 −is mniSvnelobiT, xolo matricaSi svetisa da 
striqonis nomrebi Sesabamisad ganisazRvreba 𝑲𝑲𝐢𝐢−𝟏𝟏 da 𝑻𝑻𝐢𝐢−𝟏𝟏mniSvnelobebiT. magaliTad, 
vTqvaT: 
𝐍𝐍𝟎𝟎 = 𝟒𝟒𝟗𝟗𝟑𝟑𝑹𝑹𝑹𝑹𝟖𝟖𝟗𝟗,  𝐏𝐏𝟎𝟎 = 𝑹𝑹𝟑𝟑𝟗𝟗,𝐐𝐐𝟎𝟎 = 𝟏𝟏𝟗𝟗𝟑𝟑,  𝐑𝐑𝟎𝟎 = 𝟏𝟏𝟎𝟎𝟕𝟕, (𝒂𝒂𝟎𝟎,𝐛𝐛𝟎𝟎, 𝐜𝐜𝟎𝟎) −(9,3,7). 
roca𝐢𝐢 = 𝟏𝟏,   maSin 
𝛗𝛗𝟎𝟎(𝐍𝐍𝟎𝟎) = 𝑹𝑹𝟑𝟑𝟖𝟖 ⋅ 𝟏𝟏𝟗𝟗𝑹𝑹 ⋅ 𝟏𝟏𝟎𝟎𝟔𝟔 = 𝟒𝟒𝟖𝟖𝟒𝟒𝟑𝟑𝟕𝟕𝟕𝟕𝟔𝟔,𝑲𝑲𝟎𝟎 = 𝟒𝟒𝟖𝟖𝟒𝟒𝟑𝟑𝟕𝟕𝟕𝟕𝟔𝟔(𝒎𝒎𝒎𝒎𝒎𝒎𝟏𝟏𝟎𝟎) = 𝟔𝟔, 
𝑻𝑻𝟎𝟎 = 𝟒𝟒𝟖𝟖𝟒𝟒𝟑𝟑𝟕𝟕𝟕𝟕𝟔𝟔(𝒎𝒎𝒎𝒎𝒎𝒎𝟏𝟏𝑹𝑹) = 𝟔𝟔,              𝑫𝑫𝟎𝟎 = 𝟒𝟒𝟖𝟖𝟒𝟒𝟑𝟑𝟕𝟕𝟕𝟕𝟔𝟔(𝒎𝒎𝒎𝒎𝒎𝒎𝟑𝟑) = 𝟎𝟎.  
e.i. SeirCeva nulovani matricis 𝐊𝐊 = 𝟔𝟔 svetsa da 𝐓𝐓 = 𝟔𝟔 striqonSi moTavsebuli (𝒎𝒎𝟎𝟎,𝐞𝐞𝟎𝟎,𝐟𝐟𝟎𝟎)  
wyvili, romelic aris (1,9,1); 
5. ganisazRvreba axali martivi 𝐏𝐏𝐢𝐢,𝐐𝐐𝐢𝐢da 𝐑𝐑𝐢𝐢ricxvebi Semdegi TanafardobebiT:   𝐏𝐏𝐢𝐢 = 𝐏𝐏𝐢𝐢−𝟏𝟏 + 𝐝𝐝𝐢𝐢−𝟏𝟏 − 𝒂𝒂𝒊𝒊−𝟏𝟏 + 𝟏𝟏𝟎𝟎𝟏𝟏,  𝐐𝐐𝐢𝐢 = 𝐐𝐐𝐢𝐢−𝟏𝟏 + 𝐞𝐞𝐢𝐢−𝟏𝟏 − 𝐛𝐛𝐢𝐢−𝟏𝟏 + 𝟏𝟏𝟎𝟎𝟏𝟏da   𝐑𝐑𝐢𝐢 = 𝐑𝐑𝐢𝐢−𝟏𝟏 + 𝐟𝐟𝐢𝐢−𝟏𝟏 − 𝐜𝐜𝐢𝐢−𝟏𝟏 ++𝟏𝟏𝟎𝟎𝟏𝟏,  sadac 𝟏𝟏∊𝐍𝐍 da icvleba erTidan zemoT manam, sanam TiToeuli ricxvi ar gaxdeba 
martivi (aq gamoiyeneba martivi ricxvis damdgeni algoriTmi). ganxiluli magaliTis 
SemTxvevaSi, roca 𝐢𝐢 = 𝟏𝟏,    miiReba: 
𝐏𝐏𝟏𝟏 =  𝐏𝐏𝟎𝟎 + 𝐝𝐝𝟎𝟎 − 𝒂𝒂𝟎𝟎 + 𝟏𝟏𝟎𝟎𝟏𝟏 = 𝑹𝑹𝟑𝟑𝟗𝟗 + 𝟏𝟏 − 𝟗𝟗 + 𝟏𝟏𝟎𝟎𝟏𝟏 = 𝑹𝑹𝟑𝟑𝟏𝟏 + 𝟏𝟏𝟎𝟎𝟏𝟏, 
roca 𝟏𝟏 = 𝟏𝟏, maSin 𝐏𝐏𝟏𝟏 = 𝑹𝑹𝟒𝟒𝟏𝟏 da es ricxvi martivia;  
𝐐𝐐𝟏𝟏 =  𝐐𝐐𝟎𝟎 + 𝐞𝐞𝟎𝟎 − 𝐛𝐛𝟎𝟎 + 𝟏𝟏𝟎𝟎𝟏𝟏 = 𝟏𝟏𝟗𝟗𝟑𝟑 + 𝟗𝟗 − 𝟑𝟑 + 𝟏𝟏𝟎𝟎𝟏𝟏 = 𝟏𝟏𝟗𝟗𝟗𝟗 + 𝟏𝟏𝟎𝟎𝟏𝟏, 
roca𝟏𝟏 = 𝟑𝟑, maSin 𝐐𝐐𝟏𝟏 = 𝑹𝑹𝑹𝑹𝟗𝟗 da es ricxvi martivia; 
𝐑𝐑𝟏𝟏
=  𝐑𝐑𝟎𝟎 + 𝐟𝐟𝟎𝟎 − 𝐜𝐜𝟎𝟎 + 𝟏𝟏𝟎𝟎𝟏𝟏 = 𝟏𝟏𝟎𝟎𝟕𝟕 + 𝟏𝟏 − 𝟕𝟕 + +𝟏𝟏𝟎𝟎𝟏𝟏 = 𝟏𝟏𝟎𝟎𝟏𝟏 + 𝟏𝟏𝟎𝟎𝟏𝟏, 
roca𝟏𝟏 = 𝟑𝟑, maSin 𝐑𝐑𝟏𝟏 = 𝟏𝟏𝟑𝟑𝟏𝟏da es ricxvi martivia; 
6. gamoiTvleba𝐍𝐍𝐢𝐢 =  𝐏𝐏𝐢𝐢 ⋅ 𝐐𝐐𝐢𝐢 ⋅ 𝐑𝐑𝐢𝐢; 
7.  gamoiTvleba:   𝐦𝐦𝐢𝐢 = 𝒂𝒂𝒊𝒊−𝟏𝟏 + 𝐛𝐛𝐢𝐢−𝟏𝟏 + 𝐜𝐜𝐢𝐢−𝟏𝟏 + 𝐝𝐝𝐢𝐢−𝟏𝟏  + 𝐞𝐞𝐢𝐢−𝟏𝟏 + 𝐟𝐟𝐢𝐢−𝟏𝟏; 
8. gamoiTvleba:𝑷𝑷∗𝒊𝒊 = (( 𝐏𝐏𝐢𝐢 − 𝟏𝟏)/𝑹𝑹 −𝐦𝐦𝐢𝐢)2 𝒎𝒎𝒎𝒎𝒎𝒎 𝐏𝐏𝐢𝐢,𝑸𝑸∗𝒊𝒊 = (( 𝐐𝐐𝐢𝐢 − 𝟏𝟏)/𝑹𝑹 −
𝐦𝐦𝐢𝐢)2 𝒎𝒎𝒎𝒎𝒎𝒎 𝐐𝐐𝐢𝐢da𝑹𝑹∗𝒊𝒊 = (( 𝐑𝐑𝐢𝐢 − 𝟏𝟏)/𝑹𝑹 −𝐦𝐦𝐢𝐢)2 𝒎𝒎𝒎𝒎𝒎𝒎 𝐑𝐑𝐢𝐢, sadac𝑷𝑷∗𝒊𝒊,𝑸𝑸∗𝒊𝒊da𝑹𝑹∗𝒊𝒊kvadratuli    
gamonaqviTebia, Sesabamisad 𝐏𝐏𝐢𝐢,  𝐐𝐐𝐢𝐢  da 𝐑𝐑𝐢𝐢modulebiT. 
 es rva punqti gameordeba sam ciklSi 𝐢𝐢 = 𝟏𝟏, 𝐢𝐢 = 𝑹𝑹  da 𝐢𝐢 = 𝟑𝟑mniSvnelobebisTvis. 
amasTan, yoveli Semdegi ciklis sawyis parametrebs warmoadgens wina ciklSi miRebuli  
𝐏𝐏, 𝐐𝐐da𝐑𝐑mniSvnelobebi.  
samive ciklis Sesrulebis Semdeg 𝐢𝐢 = 𝟒𝟒  mniSvnelobisaTvis gamoiTvleba 




𝑹𝑹∗𝟏𝟏,𝑹𝑹∗𝑹𝑹,𝑹𝑹∗𝟑𝟑,𝑲𝑲𝟎𝟎 ,𝑲𝑲𝟏𝟏,,𝑲𝑲𝑹𝑹,𝑲𝑲𝟑𝟑,𝑻𝑻𝟎𝟎 ,𝑻𝑻𝟏𝟏,,𝑻𝑻𝑹𝑹,𝑻𝑻𝟑𝟑, 𝑫𝑫𝟎𝟎 ,   𝑫𝑫𝟏𝟏  ,𝑫𝑫𝑹𝑹 da 𝑫𝑫𝟑𝟑mniSvnelobebi. 
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𝐍𝐍,𝛗𝛗(𝐍𝐍), P,Q,𝐑𝐑,𝑷𝑷∗,𝑸𝑸∗da 𝑹𝑹∗mniSvnelobebis mixedviT gamoiTvleba erTsaxela  
parametrebisaTvis  rogorc or-ori, ise sam-sami wevris namravlebi da jamebi. miRebuli 
Sedegebis mixedviT Seivseba cxrili 1 da TiToeuls mieniWeba rigiTi aTobiTi nomeri.  
cxr.1    
# 𝑵𝑵 # 𝝋𝝋(𝑵𝑵) # 𝑷𝑷 # 𝑸𝑸 
1 𝑵𝑵𝟏𝟏 12 𝝋𝝋𝟏𝟏 23 𝑷𝑷𝟏𝟏 34 𝑸𝑸𝟏𝟏 
2 𝑵𝑵𝑹𝑹 13 𝝋𝝋𝑹𝑹 24 𝑷𝑷𝑹𝑹 35 𝑸𝑸𝑹𝑹 
3 𝑵𝑵𝟑𝟑 14 𝝋𝝋𝟑𝟑 25 𝑷𝑷𝟑𝟑 36 𝑸𝑸𝟑𝟑 
4 𝑵𝑵𝟏𝟏 ∙ 𝑵𝑵𝑹𝑹 15 𝝋𝝋𝟏𝟏 ∙ 𝝋𝝋𝑹𝑹 26 𝑷𝑷𝟏𝟏 ∙ 𝑷𝑷𝑹𝑹 37 𝑸𝑸𝟏𝟏 ∙ 𝑸𝑸𝑹𝑹 
5 𝑵𝑵𝟏𝟏 ∙ 𝑵𝑵𝟑𝟑 16 𝝋𝝋𝟏𝟏 ∙ 𝝋𝝋𝟑𝟑 27 𝑷𝑷𝟏𝟏 ∙ 𝑷𝑷𝟑𝟑 38 𝑸𝑸𝟏𝟏 ∙ 𝑸𝑸𝟑𝟑 
6 𝑵𝑵𝑹𝑹 ∙ 𝑵𝑵𝟑𝟑 17 𝝋𝝋𝑹𝑹 ∙ 𝝋𝝋𝟑𝟑 28 𝑷𝑷𝑹𝑹 ∙ 𝑷𝑷𝟑𝟑 39 𝑸𝑸𝑹𝑹 ∙ 𝑸𝑸𝟑𝟑 
7 𝑵𝑵𝟏𝟏 + 𝑵𝑵𝑹𝑹 18 𝝋𝝋𝟏𝟏 + 𝝋𝝋𝑹𝑹 29 𝑷𝑷𝟏𝟏 + 𝑷𝑷𝑹𝑹 40 𝑸𝑸𝟏𝟏 + 𝑸𝑸𝑹𝑹 
8 𝑵𝑵𝟏𝟏 + 𝑵𝑵𝟑𝟑 19 𝝋𝝋𝟏𝟏 + 𝝋𝝋𝟑𝟑 30 𝑷𝑷𝟏𝟏 + 𝑷𝑷𝟑𝟑 41 𝑸𝑸𝟏𝟏 + 𝑸𝑸𝟑𝟑 
9 𝑵𝑵𝑹𝑹 + 𝑵𝑵𝟑𝟑 20 𝝋𝝋𝑹𝑹 + 𝝋𝝋𝟑𝟑 31 𝑷𝑷𝑹𝑹 + 𝑷𝑷𝟑𝟑 42 𝑸𝑸𝑹𝑹 + 𝑸𝑸𝟑𝟑 
10 𝑵𝑵𝟏𝟏 ∙ 𝑵𝑵𝑹𝑹 ∙ 𝑵𝑵𝟑𝟑 21 𝝋𝝋𝟏𝟏 ∙ 𝝋𝝋𝑹𝑹 ∙ 𝝋𝝋𝟑𝟑 32 𝑷𝑷𝟏𝟏 ∙ 𝑷𝑷𝑹𝑹 ∙ 𝑷𝑷𝟑𝟑 43 𝑸𝑸𝟏𝟏 ∙ 𝑸𝑸𝑹𝑹 ∙ 𝑸𝑸𝟑𝟑 
11 𝑵𝑵𝟏𝟏 + 𝑵𝑵𝑹𝑹 + 𝑵𝑵𝟑𝟑 22 𝝋𝝋𝟏𝟏 + 𝝋𝝋𝑹𝑹 + 𝝋𝝋𝟑𝟑 33 𝑷𝑷𝟏𝟏 + 𝑷𝑷𝑹𝑹 + 𝑷𝑷𝟑𝟑 44 𝑸𝑸𝟏𝟏 + 𝑸𝑸𝑹𝑹 + 𝑸𝑸𝟑𝟑 
 
# 𝑹𝑹 # 𝑷𝑷∗ # 𝑸𝑸∗ # 𝑹𝑹∗ 




























































51 𝑹𝑹𝟏𝟏 + 𝑹𝑹𝑹𝑹 62 𝑷𝑷∗𝟏𝟏 + 𝑷𝑷∗𝑹𝑹 73 𝑸𝑸∗𝟏𝟏 + 𝑸𝑸∗𝑹𝑹 84 𝑹𝑹∗𝟏𝟏 + 𝑹𝑹∗𝑹𝑹 
52 𝑹𝑹𝟏𝟏 + 𝑹𝑹𝟑𝟑 63 𝑷𝑷∗𝟏𝟏 + 𝑷𝑷∗𝟑𝟑 74 𝑸𝑸∗𝟏𝟏 + 𝑸𝑸∗𝟑𝟑 85 𝑹𝑹∗𝟏𝟏 + 𝑹𝑹∗𝟑𝟑 
53 𝑹𝑹𝑹𝑹 + 𝑹𝑹𝟑𝟑 64 𝑷𝑷∗𝑹𝑹 + 𝑷𝑷∗𝟑𝟑 75 𝑸𝑸∗𝑹𝑹 + 𝑸𝑸∗𝟑𝟑 86 𝑹𝑹∗𝑹𝑹 + 𝑹𝑹∗𝟑𝟑 



















55 𝑹𝑹𝟏𝟏 + 𝑹𝑹𝑹𝑹 + 𝑹𝑹𝟑𝟑 66 𝑷𝑷∗𝟏𝟏 + 𝑷𝑷∗𝑹𝑹 + 𝑷𝑷∗𝟑𝟑 77 𝑸𝑸∗𝟏𝟏 + 𝑸𝑸∗𝑹𝑹 + 𝑸𝑸∗𝟑𝟑 88 𝑹𝑹∗𝟏𝟏 + 𝑹𝑹∗𝑹𝑹 + 𝑹𝑹∗𝟑𝟑 
 am cxrilSi moTavsebuli 𝟖𝟖𝟖𝟖 Sedegidan xdeba saidumlo gasaRebis SemadgenlobaSi 
monawile monacemebis arCeva me-2 cxrilisa da 𝑲𝑲–s mniSvnelobis mixedviT.  
cxr.2 
𝐊𝐊 gasaRebis  mimdevrobis SemadgenlobaSi monawile monacemebi 
𝐊𝐊 = 𝟎𝟎 𝑹𝑹𝟑𝟑,𝟑𝟑𝟗𝟗,𝑹𝑹𝟒𝟒,𝟏𝟏,𝟔𝟔𝟒𝟒,𝟕𝟕𝟑𝟑,𝟖𝟖𝟏𝟏,𝟏𝟏𝟖𝟖,𝑹𝑹𝟕𝟕,𝟕𝟕𝟔𝟔,𝟒𝟒𝟑𝟑,𝑹𝑹𝟗𝟗,𝟏𝟏𝟒𝟒,𝟖𝟖,𝟒𝟒𝟔𝟔,𝟖𝟖𝑹𝑹,𝟑𝟑𝟑𝟑,𝟗𝟗,𝟒𝟒𝟎𝟎,𝟏𝟏𝟏𝟏  
𝐊𝐊 = 𝑹𝑹 𝑹𝑹,𝟔𝟔𝑹𝑹,𝟑𝟑𝟕𝟕,𝑹𝑹𝟔𝟔,𝟏𝟏𝑹𝑹,𝟒𝟒𝟖𝟖,𝟖𝟖𝟕𝟕,𝟕𝟕𝟎𝟎,𝟏𝟏𝟎𝟎,𝟒𝟒𝟏𝟏,𝑹𝑹𝑹𝑹,𝟔𝟔𝟔𝟔,𝟑𝟑𝑹𝑹,𝑹𝑹𝟏𝟏,𝟕𝟕𝟒𝟒,𝟖𝟖𝑹𝑹,𝟏𝟏𝑹𝑹,𝟒𝟒𝑹𝑹,𝑹𝑹𝟗𝟗,𝑹𝑹𝟔𝟔   
𝐊𝐊 = 𝟒𝟒 𝟕𝟕𝟖𝟖,𝑹𝑹𝟎𝟎,𝟏𝟏𝟗𝟗,𝟏𝟏𝟏𝟏,𝟑𝟑𝟏𝟏,𝟔𝟔𝟏𝟏,𝟖𝟖𝟖𝟖,𝟔𝟔𝟕𝟕,𝑹𝑹,𝑹𝑹𝟒𝟒,𝟒𝟒𝑹𝑹,𝟔𝟔𝑹𝑹,𝟖𝟖𝟎𝟎,𝟏𝟏𝟑𝟑,𝟑𝟑𝟒𝟒,𝟕𝟕𝟏𝟏,𝑹𝑹𝑹𝑹,𝟏𝟏𝟔𝟔,𝟔𝟔,𝟒𝟒𝟒𝟒  
𝐊𝐊 = 𝟔𝟔 𝟑𝟑𝟎𝟎,𝑹𝑹𝑹𝑹,𝟔𝟔𝟗𝟗,𝟒𝟒,𝟑𝟑𝟔𝟔,𝑹𝑹𝟑𝟑,𝟔𝟔𝟎𝟎,𝟕𝟕𝟕𝟕,𝟔𝟔,𝟒𝟒𝟒𝟒,𝟕𝟕𝟗𝟗,𝑹𝑹𝑹𝑹,𝟒𝟒𝟎𝟎,𝟖𝟖𝟔𝟔,𝑹𝑹𝟖𝟖,𝟕𝟕𝑹𝑹,𝟏𝟏𝟕𝟕,𝑹𝑹,𝟖𝟖𝟒𝟒,𝑹𝑹𝟕𝟕     
𝐊𝐊 = 𝟖𝟖 𝑹𝑹𝟖𝟖,𝟖𝟖𝟒𝟒,𝑹𝑹𝟎𝟎,𝟕𝟕,𝟑𝟑𝟖𝟖,𝟒𝟒𝟗𝟗,𝑹𝑹𝟔𝟔,𝟔𝟔𝟖𝟖,𝑹𝑹𝟏𝟏,𝑹𝑹𝟗𝟗,𝑹𝑹𝟕𝟕,𝟑𝟑,𝟕𝟕𝑹𝑹,𝟖𝟖𝟑𝟑,𝟔𝟔𝟑𝟑,𝟒𝟒𝟕𝟕,𝟑𝟑𝑹𝑹,𝟒𝟒,𝑹𝑹𝑹𝑹,𝟏𝟏𝟑𝟑     
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cxrilis TiToeul striqonSi moTavsebulia oci monacemi maTi gamomsaxveli nomre-
bis SemTxveviTi ganawilebiT. saidumlo gasaRebi Seicavs samoc monacems, e.i. sam striqons. 
pirveli striqoni airCeva 𝑲𝑲𝟏𝟏,–is, meore 𝑲𝑲𝑹𝑹–is, xolo mesame ki 𝑲𝑲𝟑𝟑–is mniSvnelobebis 
mixedviT (𝑲𝑲–s mniSvnelobidan gamomdinare SesaZlebelia moxdes striqonebis gameoreba). 
am samoc monacemSi Semavali aTobiTi cifrebi ganlagdeba erTmaneTis gverdiT marcxnidan 
marjvniv.  
magaliTad, Tu 𝑲𝑲𝟏𝟏 = 𝟎𝟎,  𝑲𝑲𝑹𝑹 = 𝑹𝑹  da 𝑲𝑲𝟑𝟑 = 𝟔𝟔,  maSin saidumlo gasaRebis 
mimdevrobaSi Semavali monacemebia:  
23, 39, 54, 1, 64, 73, 81, 18, 57, 76, 43, 29, 14, 8, 46, 85, 33, 9, 40, 11, 5, 62, 
37, 26, 15, 48, 87, 70, 10, 41, 22, 66, 32, 51, 74, 82, 12, 45, 29, 56, 30, 52, 69, 4, 36, 
53, 60, 77, 6, 44, 79, 25, 40, 86, 58, 72, 17, 5, 84, 27. 
cxadia, rom gasaRebSi Semavali cifrebis raodenoba damokidebulia sawyisi martivi 
ricxvebis Tanrigebisa da gamoTvlebis Sedegad miRebuli Sedegebis Tanrigebis 
raodenobaze.  
me-3 cxrilSi  mocemulia formirebuli gasaRebebis sigrZeebi rogorc aTobiTi 
Tanrigebis, ise orobiTi bitebis raodenobis mixedviT sami martivi ricxvis sxvadasxva 
sameulebis SemTxvevaSi. iqve naCvenebia am gasaRebebis formirebaze daxarjuli drois 
miaxloebiTi mniSvnelobebi.  
cxr.3 




orobiTi   
bitebis 
raodenoba 
Ddaxarjuli     
dro 
miliwamebSi 
𝟏𝟏𝟎𝟎𝟎𝟎𝟏𝟏 𝟏𝟏𝟑𝟑 𝟏𝟏𝟏𝟏 𝟕𝟕 𝑹𝑹𝟑𝟑𝑹𝑹 𝟗𝟗𝟗𝟗𝟖𝟖 𝟎𝟎,𝟗𝟗𝟎𝟎𝟏𝟏𝑹𝑹𝟎𝟎 
𝟗𝟗𝟑𝟑𝑹𝑹𝑹𝑹𝟑𝟑𝟗𝟗𝟔𝟔𝟔𝟔𝟏𝟏 𝟗𝟗𝟖𝟖𝟑𝟑 𝟗𝟗𝟕𝟕𝟕𝟕 𝟗𝟗𝟕𝟕𝟏𝟏 𝟒𝟒𝟑𝟑𝟏𝟏 𝟏𝟏𝟕𝟕𝑹𝑹𝟏𝟏 𝟏𝟏,𝑹𝑹𝟏𝟏𝟎𝟎𝟔𝟔 
𝟗𝟗𝟔𝟔𝟕𝟕𝟒𝟒𝑹𝑹𝟖𝟖𝟔𝟔𝟎𝟎𝟏𝟏𝟏𝟏𝑹𝑹𝟏𝟏 𝟗𝟗𝟗𝟗𝟎𝟎𝟏𝟏 𝟗𝟗𝟖𝟖𝟖𝟖𝟕𝟕 𝟗𝟗𝟖𝟖𝟖𝟖𝟑𝟑 𝑹𝑹𝟏𝟏𝟑𝟑 𝑹𝑹𝟎𝟎𝑹𝑹𝑹𝑹 𝟏𝟏,𝟖𝟖𝟑𝟑𝟑𝟑 
𝟕𝟕𝟗𝟗𝟗𝟗𝟕𝟕𝟎𝟎𝟖𝟖𝟎𝟎𝑹𝑹𝟕𝟕𝟏𝟏𝟕𝟕𝟗𝟗𝟖𝟖𝟕𝟕𝟏𝟏𝟑𝟑 𝟏𝟏𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗𝟗 𝟏𝟏𝟗𝟗𝟗𝟗𝟗𝟗𝟔𝟔𝟕𝟕 𝟏𝟏𝟗𝟗𝟗𝟗𝟗𝟗𝟔𝟔𝟏𝟏 𝟔𝟔𝑹𝑹𝟔𝟔 𝑹𝑹𝑹𝑹𝟎𝟎𝟒𝟒 𝑹𝑹𝑹𝑹,𝟏𝟏𝑹𝑹𝑹𝑹𝟏𝟏 
 
cxrilis mixedviT, roca 𝑵𝑵𝟎𝟎 = 𝟗𝟗𝟑𝟑𝑹𝑹𝑹𝑹𝟑𝟑𝟗𝟗𝟔𝟔𝟔𝟔𝟏𝟏, maSin saidumlo gasaRebis orobiTi 
bitebis raodenobaa 𝟏𝟏𝟕𝟕𝑹𝑹𝟒𝟒 da 𝟏𝟏𝑹𝑹𝟖𝟖bitis Semcveli informaciuli blokis daSifrisas 
SesaZlebelia 𝟏𝟏𝟑𝟑 (𝟏𝟏𝟕𝟕𝑹𝑹𝟒𝟒/𝟏𝟏𝑹𝑹𝟖𝟖 ≈ 𝟏𝟏𝟑𝟑) mimdevrobiTi blokis daSifvra sxvadasxva gasaRebiT.  
roca 𝑵𝑵𝟎𝟎 = 𝟕𝟕𝟗𝟗𝟗𝟗𝟕𝟕𝟎𝟎𝟖𝟖𝟎𝟎𝑹𝑹𝟕𝟕𝟏𝟏𝟕𝟕𝟗𝟗𝟖𝟖𝟕𝟕𝟏𝟏𝟑𝟑 maSin saidumlo gasaRebebis blokebis raodenoba 
𝟏𝟏𝟗𝟗-is tolia. 𝟔𝟔𝟒𝟒 bitis Semcveli informaciuli blokebis daSifvrisas saidumlo 
gasaRebis blokebis raodenoba ganxiluli SemTxvevisaTvis gaizrdeba orjer (𝑹𝑹𝟔𝟔 da 𝟑𝟑𝟖𝟖). 
saidumlo gasaRebis orobiTi bitebis Semcveli kombinaciis saxiT gamoyenebisas 
mizanSewonilia am kombinaciis daZvra marcxniv erTi simboloTi (aTobiTi cifris 
Sesabamisi aTi orobiTi kombinaciis nacvlad miiReba 16 kombinacia).  
algoriTmSi gamoyenebuli matricebisa da rogorc pirveli cxrilis (gamoanga-
riSebuli parametrebisaTvis garkveuli aTobiTi nomris miniWeba), ise meore  cxrilis 
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(TiToeul striqonSi Semavali poziciaTa aTobiTi nomrebi) Semadgenlobebi warmoadgens 
e.w saidumlo gasaRebebs da  isini icvleba garkveuli drois gasvlis Semdeg.  
A 
3. daskvna 
 Cvens mier SemuSavebul algoriTms aqvs Semdegi Rirsebebi: 
1. kavSiris xazSi ar gadaicema saidumlo gasaRebis formirebaSi uSualod monawile 
arcerTi parametris mniSvneloba;korporaciul qselSi CarTuli kanonieri momxmareblebis 
momsaxure personalma ar icis saidumlo gasaRebebis mniSvnelobebi (bandituri 
kriptoanalizis meTodis gamoyeneba SeuZlebelia); 
2. miuxedavad imisa, rom arakanonier momxmarebels SeuZlia 𝑵𝑵𝟎𝟎ricxvis xelSi 
Cagdeba da misi daSla martiv mamravlebad, is mainc ver gamoicnobs saidumlo gasaRebis 
mniSvnelobas (algoriTmSi mocemulia gagrZelebebis mravali varianti: martivi ricxvebis 
daboloebebis arCevis 𝟔𝟔𝟒𝟒 varianti samjer, gamoangariSebuli parametrebisaTvis rigiTi 
nomrebis miniWeba- variantebis raodenoba  𝟖𝟖𝟖𝟖!–is tolia, saidumlo gasaRebSi Semavali 
gamoTvlili parametrebis mimdevroba da sxv.);  
3. radgan saidumlo gasaRebSi Semavali aTobiTi cifrebis raodenoba SemTxveviTi 
ricxvia (damokidebulia sastarto 𝑵𝑵𝟎𝟎ricxvze da meore cxrilze), amitom saidumlo 
gasaRebebis blokebis raodenobac warmoadgens saidumloebas (ucnobia momsaxure 
personalisaTvis); 
4. Ees algoriTmi saidumlo gasaRebSi Semavali aTobiTi cifrebis raodenobis 
sagrZnoblad gazrdis SesaZleblobas iZleva, Tu informaciis gadamcemi  gamoiyenebs sami 
didi martivi ricxvebis ara erT, aramed or, sam da a.S. sameulebs. Aam SemTxvevaSi 
TiToeul sameulze daformirdeba Sesabamisi saidumlo gasaRebi da Semdeg am gasaRebebis 
erTmaneTis miyolebiT mimdevrobiTi gaerTianebiT miiReba erTi mTliani gasaRebi; 
5. formirebuli saidumlo gasaRebi gamoiyeneba mxolod erTi Ria teqstis 
dasaSifrad (yoveli Semdegi Ria teqstis dasaSifrad formirdeba axali saidumlo 
gasaRebi);  
6. rac ufro didia gasaRebis sigrZe, miT ufro Znelia yvela SesaZlebeli 
variantis gadarCeva (Tu saidumlo gasaRebi Sedgeba n Tanrigisgan, maSin  gadasarCev 
variantTa raodenoba 𝟏𝟏𝟎𝟎𝒏𝒏-is tolia). 
avtorebis mier damuSavebulia am algoriTmis ganmaxorcielebeli programuli 
uzrunvelyofa. 
literatura - References - Литература: 
1. kuciava v., kacaZe g., diakoniZe q. (2005). informaciis dacva. stu. Tbilisi, 
gamomc. `teqnikuri universiteti”. 
2. kuciava v., kuciava a., gogolaZe g. (2015). monacemTa blokis daSifvris 
arastandartuli simetriu-li kriptoaloriTmi. stu-s Sr.kr., `marTvis avtomatizebuli 
sistemebi”, #1(19), gv. 30-37.  
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FORMING ALGORITHM OF SECRET KEY FOR SYMMETRICAL  
CRYPTOGRAPHIC SYSTEMS OF INFORMATION ENCODING 
KutsiavaVasil, Kutsiava Ana, Gogua Ketevan,  
Gogoladze Giorge 
Georgian Technical University 
Summary 
The paper describes original algorithm for the formation of secret key of information encoding 
for symmetrical cryptographic systems. This algorithm helps to generate secret key with random value 
and random length. The key is composed from large amount of sequential decimal digits and it is 
formed programmatically as a result of performing certain procedures entailed in the algorithm. None 
of the true values of the parameters participating in encoding procedures are transmitted through the 
connection line of corporate network. The value of the key is unknown for the personnel serving legal 
users of the corporate network. Presented algorithm is characterized by high speed and crypto 
durability.  
 
АЛГОРИТМ ФОРМИРОВАНИЯ СЕКРЕТНОГО КЛЮЧА ДЛЯ СИММЕТРИЧНЫХ 
 КРИПТОГРАФИЧЕСКИХ СИСТЕМ ШИФРОВАНИЯ ИНФОРМАЦИИ 
 
Куциава В.А., Куциава А.В., Гогуа К.Н., Гоголадзе Г.Н. 
Грузинский Технический Университет 
Резюме  
Рассмотрен  оригинальный алгоритм формирования секретного ключа для симметричных 
криптографических систем шифрования информации. При помощи этого алгоритма  
осуществляется получение секретного ключа с случайным значением  и случайной длиной. 
Ключ представляет собой множество десятичных цифр, прописанных последовательно и 
формируется программно в следствии выполнения определенных процедур, приведенных в 
алгоритме.Любое действительное значение параметра, применяемого в процедурах 
шифрования, не передается в линиях связи корпоративной сети.Значение ключа неизвестно 
обслуживающему персоналу законных абонентов корпоративной сети.Предложенный алгоритм 
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informaciis daSifvris arastandartuli simetriuli  
kriptografiuli algoriTmi  
vasil kuciava, ana kuciava, giorgi gogolaZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia aTobiTi sistemiT warmodgenili 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 an 𝑬𝑬𝑬𝑬𝑨𝑨𝑬𝑬𝑨𝑨𝑨𝑨  kodis nebismieri 
raodenobis simboloebisgan Sedgenili monacemTa blokis daSifvra arastandartuli sime-
triuli kriptosistemis algoriTmis gamoyenebiT. daSifvra mimdinareobs SemTxveviTi 
mniSvnelobis da SemTxveviTi sigrZis mqone saidumlo gasaRebiT, romlis miReba xdeba pro-
gramulad gasaRebis maformirebeli algoriTmis mixedviT. daSifvra xorcieldeba viJineris 
meTodiT (erTi da imave gasaRebis mravaljer gamoyeneba an avtogasaRebis reJimi, romelSic 
ZiriTadi gasaRebis amowurvis Semdeg saidumlo gasaRebad gamoiyeneba sawyisi Ria teqsti 
an daSifvris Sedegad miRebuli Sifrteqsti).  
sakvanZo sityvebi: arastandartuli simetriuli algoriTmi. viJineris meTodi. 
saidumlo gasaRebi. kriptomedegoba. swrafqmedeba.   
1. Sesavali 
korporaciul qselebSi CarTul kanonier momxmareblebs Soris gadacemuli 
informaciis konfidencialurobis uzrunvelsayofad gamoiyeneba rogorc simetriuli, ise 
asimetriuli kriptografiuli algoriTmebi.  aqve unda aRiniSnos, rom didi biujetis  (10 
milion dolaramde) mqone korporaciebisaTvis advilad gansaxorcielebelia iseTi 
simetriuli kriptografiuli algoriTmebis “gatexa”, romelTa saidumlo gasaRebis sigrZe 
ar aRemateba 𝟔𝟔𝟔𝟔 −s (“gatexa” xorcieldeba gasaRebis yvela mniSvnelobis gadamrCevi  𝑭𝑭𝑭𝑭𝑭𝑭𝑨𝑨 
da 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 mikrosqemebis  an superkompiuteris gamoyenebiT). aseT algoriTms warmoadgens 
DES  algoriTmi, romlis gasaRebis yvela mniSvneloba 𝟐𝟐𝟓𝟓𝟔𝟔-is tolia.  amis gamo 𝑬𝑬𝑬𝑬𝑨𝑨 
standartis nacvlad gamoiyeneba 𝑨𝑨𝑬𝑬𝑨𝑨  standarti, romlis saidumlo gasaRebis sigrZea 𝟏𝟏𝟐𝟐𝟐𝟐,  𝟏𝟏𝟏𝟏𝟐𝟐 an 𝟐𝟐𝟓𝟓𝟔𝟔 biti, xolo dasaSifri blokis - 𝟏𝟏𝟐𝟐𝟐𝟐 biti. magram gamoTvliTi teqnologiebis 
ganviTarebam  uaxloes momavalSi SeiZleba miaRwios iseT dones, rom SesaZlebeli gaxdes 
𝑨𝑨𝑬𝑬𝑨𝑨 standartis “gatexac”. 
arsebuli kriptografiuli algoriTmebis erT-erTi naklia is garemoebac, rom korpo-
raciul qselSi CarTuli kanonieri momxmareblebis personalisaTvis cnobilia rogorc 
saidumlo gasaRebis mniSvneloba, ise TviT algoriTmi. am garemoebis gamo arakanonier 
momxmareblebs SeuZliaT bandituri kriptoanalizis Sedegad (daSinebis, wamebis, SantaJis 
an qrTamis micemis gziT) moipovon gasaRebis mniSvneloba da monacemTa daSifvrisaTvis 
gamoyenebuli algoriTmi.  
aRniSnuli naklulovanebebis ugulebelsayofad mizanSewonilad CavTvaleT korpo-
raciul qselebSi gadacemuli informaciis konfidencialurobis SesanarCuneblad iseTi 
arastandartuli simetriuli algoriTmis SemuSaveba, romelic muSaobs gacilebiT didi 
gasaRebiT, kavSiris xazSi ar saWiroebs rogorc daSifvris, ise gaSifvris procedurebSi 
uSualod monawile arcerTi parametris mniSvnelobis gadacemas da momsaxure personalma 
ar icis  damSifravi saidumlo gasaRebis mniSvneloba. SemuSavebuli algoriTmi gamoirCeva 
maRali kriptomedegobiT.  
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2. ZiriTadi nawili 
dasaSifri Ria  teqstis monacemebi 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 an 𝑬𝑬𝑬𝑬𝑨𝑨𝑬𝑬𝑨𝑨𝑨𝑨 kodSi Semavali simboloebia 
warmodgenili aTobiTi sistemis Sesabamisi nomrebiT. TiToeuli simbolo gamosaxulia 
samTanriga aTobiTi ricxviT. Ria teqstis daSifvrisas masSi Semaval simboloebis Sesabamisi 
aTobiTi cifrebis mimdevrobis qveS moTavsdeba formirebuli saidumlo gasaRebis cifrebis 
mimdevroba.  
gasaRebis formirebisas xdeba 
𝑲𝑲𝐢𝐢−𝟏𝟏 = 𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏)𝒎𝒎𝒎𝒎𝒎𝒎𝟏𝟏𝟏𝟏 , 𝑻𝑻𝐢𝐢−𝟏𝟏 =  𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏)𝒎𝒎𝒎𝒎𝒎𝒎𝟏𝟏𝟓𝟓,   𝑨𝑨𝐢𝐢−𝟏𝟏 =  𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏)𝒎𝒎𝒎𝒎𝒎𝒎𝟑𝟑   
mniSvnelobebis gamoTvla, sadac 𝑲𝑲𝐢𝐢−𝟏𝟏, 𝑻𝑻𝐢𝐢−𝟏𝟏, 𝑨𝑨𝐢𝐢−𝟏𝟏 arauaryofiTi mTeli ricxvebia,  𝝋𝝋𝐢𝐢−𝟏𝟏(𝑵𝑵𝐢𝐢−𝟏𝟏) 
eileris funqcia, xolo 𝑵𝑵𝐢𝐢−𝟏𝟏 sami martivi ricxvis namravli [3].  radgan eileris funqciis 
mniSvneloba luwi ricxvia, amitom 𝑲𝑲𝐢𝐢−𝟏𝟏 −is gamoTvlisas miiReba 𝟏𝟏,𝟐𝟐,𝟔𝟔,𝟔𝟔   an 
𝟐𝟐  ricxvebidan erT-erTi. 𝑻𝑻𝐢𝐢−𝟏𝟏   miiRebs erT-erT mniSvnelobas [𝟏𝟏,𝟏𝟏𝟔𝟔] Sualedidan, xolo  
𝑨𝑨𝐢𝐢−𝟏𝟏   ki 𝟏𝟏, 𝟏𝟏  da  𝟐𝟐 mniSvnelobebidan erT-erTs (gamoTvla xorcieldeba 𝒊𝒊 = 𝟏𝟏,𝟐𝟐,𝟑𝟑 Dda 𝟔𝟔 
mniSvnelobebisaTvis).  
Ria teqstis qveS saidumlo gasaRebis moTavsebis Semdeg Sesruldeba marcxnidan 
marjvniv sam-sami, oTx-oTxi an xuT-xuTi cifrebiT gamosaxuli ricxvebis Sekreba 
𝒎𝒎  moduliT. TiToeul jgufSi Semavali cifrebis raodenobis gansazRvra xdeba 𝑨𝑨𝟑𝟑 −is 
mniSvnelobis mixedviT (𝑨𝑨𝟑𝟑 = 𝟏𝟏 −sami cifri, 𝑨𝑨𝟑𝟑 = 𝟏𝟏 −oTxi cifri, 𝑨𝑨𝟑𝟑 = 𝟐𝟐 − xuTi cif-
ri). Mmimdevrobis sam-samad dayofisas TiToeuli samTanriga jgufisaTvis 𝒎𝒎 warmoadgens 
individualur mniSvnelobas, xolo oTx-oTx da xuT-xuT cifrian jgufebad dayofisas 𝒎𝒎 
–is mniSvneloba, Sesabamisad, 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 da 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏 −is tolia. Aaqve unda aRiniSnos, rom:  
1) Tu dasaSifr Ria teqstis monacemebSi Semavali cifrebis raodenoba araa oTxis an 
xuTis jeradi, maSin dayofis Sedegad  miRebuli bolo marjvena jgufi Seivseba saWiro 
raodenobis nulebiT;  
2) Tu saidumlo gasaRebSi Semavali cifrebis mimdevrobaSi Semavali cifrebis 
raodenoba araa 𝟑𝟑 −is, 𝟔𝟔 −is an 𝟓𝟓 −is jeradi, maSin dayofis Sedegad  miRebuli bolo 
marjvena jgufi gauqmdeba. 
cifrebis mimdevrobis sam-samad dayofisas  𝒎𝒎 modulis individualuri mniSvnelobebis 
gansazRvra xdeba 𝟏𝟏, 𝟐𝟐 da 𝟑𝟑 matricebis saSualebiT. TiToeuli matrica 𝟏𝟏𝟓𝟓 × 𝟓𝟓 
ganzomilebisaa da Seicavs modulebis 𝟕𝟕𝟓𝟓 mniSvnelobas.  
am sami matricidan erT-erTis arCeva xdeba 𝑨𝑨–is mniSvnelobis mixedviT, xolo matri-
cis svetisa da striqonis arCeva, Sesabamisad, 𝑲𝑲 da 𝑻𝑻-s mniSvnelobis mixedviT (Tavdapirve-
lad sveti da Semdeg striqoni). radgan algoriTmis mixedviT gamoTvlilia 𝑨𝑨,𝑲𝑲 da 𝑻𝑻  
sameulebis oTxi mniSvneloba, amitom modulebis pirveli oci mniSvneloba SeirCeva  𝑲𝑲𝟏𝟏 ,𝑻𝑻𝟏𝟏 ,    
𝑨𝑨𝟏𝟏   sameuliT, meore oceuli   𝑲𝑲𝟏𝟏,,𝑻𝑻𝟏𝟏 ,     𝑨𝑨𝟏𝟏  sameuliT, mesame - 𝑲𝑲𝟐𝟐  ,𝑻𝑻𝟐𝟐 ,𝑨𝑨𝟐𝟐    sameuliT, xolo 
meoTxe - 𝑲𝑲𝟑𝟑 ,𝑻𝑻𝟑𝟑, 𝑨𝑨𝟑𝟑 sameuliT. Ee.i. sul miiReba modulis 𝟐𝟐𝟏𝟏 mniSvneloba (𝑨𝑨, 𝑲𝑲 da 𝑻𝑻-s  
mniSvnelobidan gamomdinare SeiZleba moxdes modulebis mniSvnelobebis gameoreba). oTxmoci 
jgufis Semdeg daiwyeba gameoreba.         
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 matrica 1 (𝑨𝑨 = 𝟏𝟏)   𝐊𝐊 = 0 𝐊𝐊 = 2 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟐𝟐 
𝐓𝐓 = 𝟏𝟏  713 444 961 518 318 
𝐓𝐓 = 𝟏𝟏  322 734 687 811 928 
𝐓𝐓 = 𝟐𝟐 438 612 568 293 871 
𝐓𝐓 = 𝟑𝟑 824 917 482 378 384 
𝐓𝐓 = 𝟔𝟔 374 712 728 648 311 
𝐓𝐓 = 𝟓𝟓 538 338 554 958 529 
𝐓𝐓 = 𝟔𝟔 628 934 817 558 283 
𝐓𝐓 = 𝟕𝟕 711 473 356 813 496 
𝐓𝐓 = 𝟐𝟐 268 588 638 976 733 
𝐓𝐓 = 𝟏𝟏 924 504 437 643 967  𝐓𝐓 = 𝟏𝟏𝟏𝟏 821 638 578 715 658  𝐓𝐓 = 𝟏𝟏𝟏𝟏 362 742 296 348 513 
𝐓𝐓 = 𝟏𝟏𝟐𝟐 938 278 753 478 684 
𝐓𝐓 = 𝟏𝟏𝟑𝟑 464 734 989 831 873 
𝐓𝐓 = 𝟏𝟏𝟔𝟔 803 393 621 929 492 
                                                             matrica 2 (𝑨𝑨 = 𝟏𝟏)  𝐊𝐊 = 𝟏𝟏  𝐊𝐊 = 𝟐𝟐  𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟐𝟐 
𝐓𝐓 = 𝟏𝟏  810 673 512 401 379 
𝐓𝐓 = 𝟏𝟏  733 643 578 938 268 
𝐓𝐓 = 𝟐𝟐 530 285 490 895 824 
𝐓𝐓 = 𝟑𝟑 967 713 283 612 811 
𝐓𝐓 = 𝟔𝟔 568 917 374 628 473 
𝐓𝐓 = 𝟓𝟓 529 356 588 924 384 
𝐓𝐓 = 𝟔𝟔 845 310 495 295 560 
𝐓𝐓 = 𝟕𝟕 728 554 817 356 638 
𝐓𝐓 = 𝟐𝟐 989 753 296 528 437 
𝐓𝐓 = 𝟏𝟏 515 905 940 780 505 
𝐓𝐓 = 𝟏𝟏𝟏𝟏 685 580 570 425 305 
𝐓𝐓 = 𝟏𝟏𝟏𝟏 734 568 378 3843 322 
𝐓𝐓 = 𝟏𝟏𝟐𝟐 444 687 293 704 713 
𝐓𝐓 = 𝟏𝟏𝟑𝟑 518 928 961 811 872 
𝐓𝐓 = 𝟏𝟏𝟔𝟔 619 783 708 521 654 
matrica 3 (𝑨𝑨 = 𝟐𝟐)  𝐊𝐊 = 0 𝐊𝐊 = 2 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟔𝟔 𝐊𝐊 = 𝟐𝟐 
𝐓𝐓 = 𝟏𝟏  972 512 472 702 602 
𝐓𝐓 = 𝟏𝟏  382 768 572 649 889 
𝐓𝐓 = 𝟐𝟐 587 812 932 324 757 
𝐓𝐓 = 𝟑𝟑 843 313 613 988 501 
𝐓𝐓 = 𝟔𝟔 298 343 831 430 942 
𝐓𝐓 = 𝟓𝟓 745 971 281 893 301 
𝐓𝐓 = 𝟔𝟔 351 624 875 513 498 
𝐓𝐓 = 𝟕𝟕 968 527 770 561 712 
𝐓𝐓 = 𝟐𝟐 402 861 488 270 652 
𝐓𝐓 = 𝟏𝟏 635 462 582 961 318 
𝐓𝐓 = 𝟏𝟏𝟏𝟏 858 594 723 663 363 
𝐓𝐓 = 𝟏𝟏𝟏𝟏 539 952 460 791 803 
𝐓𝐓 = 𝟏𝟏𝟐𝟐 782 436 677 477 922 
𝐓𝐓 = 𝟏𝟏𝟑𝟑 451 682 320 713 572 
𝐓𝐓 = 𝟏𝟏𝟔𝟔 697 734 957 374 445 
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  A magaliTad, Tu 𝑨𝑨𝟏𝟏 = 𝟏𝟏 ,   𝑲𝑲𝟏𝟏 = 𝟐𝟐 ,    𝑻𝑻𝟏𝟏 = 𝟏𝟏𝟏𝟏,   𝑨𝑨𝟏𝟏 = 𝟏𝟏 ,   𝑲𝑲𝟏𝟏 = 𝟏𝟏,   𝑻𝑻𝟏𝟏, = 𝟏𝟏,   𝑨𝑨𝟐𝟐   = 𝟐𝟐,    𝑲𝑲𝟐𝟐 = 𝟔𝟔, 𝑻𝑻𝟐𝟐 = 𝟐𝟐,   𝑨𝑨𝟑𝟑 = 𝟏𝟏,   𝑲𝑲𝟑𝟑 = 𝟔𝟔  da 𝑻𝑻𝟑𝟑 = 𝟓𝟓, maSin miiReba modulebis mniSvnelobebis 
Semdegi oTxmoci mniSvneloba: 444, 734, 612, 917, 713,338, 934, 473, 588, 504, 638, 742, 
278, 734, 393, 362, 742, 296, 348, 513, 810, 733, 530, 967, 568, 529, 845, 728, 989, 515, 
685, 734, 444, 518, 619, 382, 768, 572, 649, 889, 472, 572, 932, 613, 831, 281, 875, 770, 
488, 582, 723, 460, 677, 320, 957, 402, 861, 488, 270, 652, 518, 811, 293, 378, 648, 958, 
558, 813, 976, 643, 712, 348, 478, 831, 929, 745, 971, 281, 893, 301. 
rodesac Ria teqstSi Semavali aTobiTi ricxvebis raodenoba aRemateba saidumlo 
gasaRebSi Semavali cifrebis raodenobas, maSin xdeba gasaRebis Tanamimdevrobis gameoreba 
sarkuli anarekliT (cifrebis wakiTxva moxdeba marjvnidan marcxniv) an daSifvra 
gagrZeldeba avtogasaRebis reJimSi (Sifrteqstis an Ria teqstis cifrebis mimdevrobis 
gamoyeneba marcxnidan marjvniv).Aam sami reJimidan erT-erTis arCeva xdeba 𝑨𝑨𝟐𝟐–is 
mniSvnelobis mixedviT Semdegnairad:     
1) 𝑨𝑨𝟐𝟐 = 𝟏𝟏 − gasaRebi meordeba saWiroebis mixedviT;  
2) 𝑨𝑨𝟐𝟐 = 𝟏𝟏 − sawyisi gasaRebis amowurvis Semdeg gasaRebis rols asrulebs miRebuli 
Sifrteqsti dasawyisidan;     
3) 𝑨𝑨𝟐𝟐 = 𝟐𝟐 − sawyisi gasaRebis amowurvis Semdeg gasaRebis rols asrulebs Ria teqsti 
dasawyisidan. 
algoriTmSi gamoyenebuli  matricebi saidumlo gasaRebebia da maTi Sedgeniloba 
cnobili unda iyos mxolod korporaciul qselSi CarTuli kanonieri momxmareblebisaTvis. 
algoriTmis kriptomedegobis gasazrdelad mizanSewonilia am matricebis Sedgenilobis 
cvlileba drois garkveuli periodis gasvlis Semdeg.  
Sifrteqstis gaSifvris Sesasruleblad mimRebSi Sifrteqsts qveS miewereba saidumlo 
gasaRebi da Sesruldeba gamokleba imave moduliT. uaryofiTi ricxvis miRebisas xdeba 
modulis mniSvnelobis mimateba.   
D3. daskvna 
      Cvens mier SemoTavazebul algoriTms aqvs Semdegi Rirsebebi: 
1. algoriTmis procedurebSi monawile nebismieri parametris mniSvneloba ucnobia 
momsaxure personalisaTvis; 
2. daSifvra SeiZleba Sesruldes rogorc monacemebis blokebad dayofiT (erTi 
gasaRebis mravaljer gamoyenebiT), ise dayofis gareSe (avtogasaRebis reJimi Sifrteqstis 
an Ria teqstis gamoyenebiT). Aam reJimebis arCeva xdeba programulad gamoTvlili 
parametrebis mniSvnelobebis mixedviT; 
3. algoriTmSi Sesrulebuli gamoTvlebis Sedegad miRebuli Sedegebis mixedviT xdeba 
samTanriga aTobiTi ricxvebiT warmodgenili dasaSifri simboloebis Sesatyvisi aTobiTi 
cifrebis mimdevrobis dayofa marcxnidan marjvniv sam, oTx an xuTcifrian jgufebad da 
Semdeg TiToeuli jgufis daSifvra modulis individualuri mniSvnelobis gamoyenebiT. Aam 
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NON-STANDARD SYMMETRICAL CRYPTOGRAPHIC ALGORITHM OF 
INFORMATION ENCODING 
Kutsiava Vasil, Kutsiava Ana, Gogoladze Giorge 
Georgian Technical University 
Summary 
              The paper describes encoding the block consisting from any number of symbols of ASCII or 
EBCDIC code represented by decimal system, using non-standard symmetrical cryptographic 
algorithm. Encoding process uses secret key with random value and random length, which is generated 
by the program with key forming algorithm. The encoding is performed using Visionery method (using 
the same key multiple times or auto key mode, where beginning open text or ciphered text is used as a 
secret key, after the main key is over).  
НЕСТАНДАРТНЫЙ СИММЕТРИЧНЫЙ АЛГОРИТМ ШИФРОВАНИЯ 
ИНФОРМАЦИИ 
Куциава В.А., Куциава А.В., Гоголадзе Г.Н. 
Грузинский Технический Университет 
Резюме  
Рассмотрено шифрование блока данных, составленного из неограниченного количества  
символов 𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 или 𝑬𝑬𝑬𝑬𝑨𝑨𝑬𝑬𝑨𝑨𝑨𝑨 кодов, представленных в десятичной системе, с помощью 
алгоритма нестандартной симметричной криптосистемы. Шифрование производится секретным 
ключом, значение которого обеспечивается  программно с использованием специального 
алгоритма и имеющего случайное значение и случайную длину. Шифрование осуществляется 
методом Виженера (многократное  использование одного и тогоже ключа или режим автоключа,  
в  котором  используется   исходный открытый  текст или шифрованный текст после 
исчерпывания основного секретного ключа).   
82 
 
Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(21), 2016   
 
kriptografiis simetriuli sistemis universaluri  
modelis Sesaxeb 
valerian kekelia 
saqarTvelos teqnikuri universiteti 
reziume 
kriptografiis simetriuli sistemis cezaris, viJineris da vernamis meTodebis bazaze 
damuSavebulia teqsturi informaciis daSifvra/gaSifvris universaluri modeli, agreTve 
am modelis marealizebeli algoriTmi da funqcionirebadi  Microsoft Visual Studio .NET 
garemoSi  programuli modulebi SemuSavebuli  daprogramebis obieqt-orientirebul enaze 
- C#, rac pirovnebebs micems saSualebas gacvalon erTmaneTSi mokleteqsturi 
Setyobinebebi anu isaubron  `kriptografiis enaze”.  
sakvanZo sityvebi: kriptografia. sawyisi teqsturi informacia. Sifroteqsti. 
saidumlo gasaRebi. programuli moduli.  
1. Sesavali 
cnobilia, rom gamoTvliT sistemebSi informaciis dacvis (saidumloebisa da 
mTlianobis anu namdvilobis) uzrunvelyofis  mimarTuleba  mecnierebaSi damkvidrda 
„kriptografiis“  saxelwodebiT [1,2].  praqtikaSi ganixilaven kriptografiuli sistemebis 
or ZiriTad jgufs: simetriul da asimetriul sistemebs. simetriul sistemebs miekuTvneba 
iseTi meTodebi (kerZod, cezaris, viJineris da vernamis), romelTa mixedviTac teqsturi 
informaciis - TI daSifvra/gaSifvra xorcieldeba erTi an ramdenime simbolos (e.w. 
damSifravi simbolo(ebi)s gamoyenebiT. mas uwodeben agreTve, daSifvris daxurul an  
saidumlo gasaRebs. aRniSnulidan gamomdinareobs, rom simetriul sistemebSi gamoiyeneba 
erTidaigive  gasaRebi, informaciis rogorc dasaSifrad, aseve mis gasaSifradac.   
cnobilia agreTve, rom kriptografiis (rogorc simetriuli, aseve asimetriuli 
sistemebis) meTodebi ZiriTadad dafuZnebulia  erTidaimave  principze, romlis ZiriTadi 
arsi mdgomareobs teqstur informaciaSi Semaval simboloebze  winaswar gansazRvruli 
maTematikuri da logikuri manipulaciebis ganxorcielebaSi. ganixilaven TI warmodgenis 
sam saxes [2]: 
a) dasaSifri TI anu sawyisi TI  – STI ; 
b) daSifruli TI – ShifTI  (Sifroteqsti); 
g) TI-is damSifravi  (gamSifravi)  daxuruli (saidumlo) gasaRebi - DDamTI.   
SevniSnoT, rom  samive saxis TI warmoadgens pk klaviaturidan Setanili simboloebis 
nakrebisagan  formirebul striqons, kerZod: 
STI  ={S0 S1 S2 … Sm}, 
ShifTI  ={D0 D1 D2 …  Dm }, 
DamTI ={K0 K1 K2 … Kn } ,   
sadac,  m+1 da  n+1 - aRniSnavs aRweril striqonSi  Semavali simboloebis raodenobas 
anu  mocemuli striqonis sigrZes, (n <= m). 
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2. ZiriTadi nawili 
mocemul naSromSi SemoTavazebulia TI daSifvra/gaSifvris universaluri modeli 
(damuSavebuli cezaris, viJineris da vernamis meTodebis bazaze) da am modelis 
marealizebeli algoriTmis programuli moduli  (programa - danarTi   (Application)),  
SemuSavebuli daprogramebis obieqt-orientirebul enaze - C#  da  funqcionirebadi  
Microsoft Visual Studio .NET garemoSi [3,4], romelic iZleva saSualebas  ganxorcieldes 
dialogi  mosaubre pirovnebebs Soris `kriptografiis enaze”. amasTan igulisxmeba, rom 
daSifvra da gaSifvris algoriTmebSi, gamoyenebulia ara marto inglisuri enis – en 
(laTinuiri alfabeti), aramed  qarTuli - ka da rusuli - ru  enebis fontebis Semcveli 
simboloebis nakrebebi da maTi Sesabamisi ricxviTi kodebis  mniSvnelobebi, romlebic 
fiqsirdeba kompiuterSi programis Microsoft Visual studio 2010 (Default principiT) 
instalirebis Sedegad.  
aRvweroT or mosaubre pirovnebas, vTqvaT, xosrikasa da anas  Soris, teqsturi 
informaciis gacvlis procedurebi da maTi marealizebel programebTan  (romlebis sawyisi 
teqstebis ZiriTadi nawili naCvenebia danarTSi 1-daSifvris, xolo danarTSi-2 gaSifvris) 
muSaobis wesebi.    dauSvaT, rom anam  da  xosrikam gadawyvites isaubron 
„kriptografiis enaze“ (nax.1).    
dauSvaT isic, rom ana aris 
informaciis mimwodebeli, xolo xosrika 
mimRebi, romelmac unda gaSifros anas 
mier gamogzavnili Sifroteqsti. 
aRniSnulidan gamomdinare, mosaubre 
pirebi:   
a) TavTavianTi kompiuterebis vinCester- 
ebze qmnian saqaRaldes saxeliT: 
D:\VisaubroT_Kriptografiis Enaze;    
b) irCeven saidumlo (STI-is 
damSifrav /  gamSifrav)  gasaRebs (DamTI), 
g) qmnian  programul modulebs  (Sesabamisad, ana moduls - TIDasifvra  danarT 1, 
xolo xosrika moduls - TIGasifvra danarT 2 mocemuli sawyisi teqstebis mixedviT)   da 
uzrunvelyofen maT funqcionirebas Microsoft Visual Studio .NET garemoSi.  
ana Seasrulebs ra aRweril punqtebs, CatvirTavs (gauSvebs) Seqmnil programs.  
ekranze aisaxeba dialoguri fanjara - forma (nax.2).    
a)  amzadebs    xosrikasTan  gasagzavn   STI   da  Seaqvs igi  formaSi  miTiTebul   
S1 striqonSi (SevniSnoT, rom STI-is  striqonis sigrZe  SezRudulia anu masSi Semavali  
simboloebis  raodenoba  ar  unda  aRematebodes  daaxloebiT 120 simbolos  
(m <= 120), razedac miuTiTebs zemoT aRniSnuli sityva - „mokleteqsturi“), 
b) Seitans formaSi miTiTebul S2 striqonSi xosrikasTan SeTanxmebiT arCeul 
(STI_is  damSifrav)  saidumlo  gasaRebs  anu  am   gasaRebis  Semcvel  simboloebs  








g)  daawkapuneebs Rilakze „daSifvra“. Sedegad : 
- formirdeba damSifravi striqoni [1,2];  
- sruldeba  Setanili STI_is daSifvra (Sifroteqstis formireba - nax.3); 
- saqaRaldeSi D:\VisaubroT_Kriptografiis Enaze, formirdeba faili saxeliT ShifTI.txt,  
romelic Seicavs daSifrul teqstur informacias Notepad teqsturi redaqtoris 
formatSi; 
d) eleqtronuli fostiT ugzavnis (an sxva saSualebebiT gadascems) xosrikas 
Sifroteqstis Semcvel failis - ShifTI.txt. 
 
nax.3 
xosrika Seasrulebs ra zemoT aRweril a)-Gb) punqtebs:  
a) Seitans anasagan gamogzavnil fails - ShifTI.txt saqaRaldeSi 
D:\VisaubroT_Kriptografiis Enaze; 
b) CatvirTavs (gauSvebs) saSemsruleblo programas. Sedegad ekranze aisaxeba 
dialoguri fanjara - forma (nax.4);    
v) Seitans formaSi miTiTebul S1 striqonSi daxurul gasaRebSi Semaval simboloebs 
(ana_GioРгИЙ); 
g) daawkapunebs Rilakze „gaSifvra“, ris Sedegadac:  
- formirdeba damSifravi simboloebis striqoni - DamTI  [1,2]; 
- formaSi miTiTebul S2 striqonSi Caiwereba anasagan gamogzavnili (gadacemuli)  
Sifroteqsti; 
- formaSi miTiTebul S3 striqonSi aisaxeba anas mier  gamogzavnili Sifro teqstis 










SevniSnoT, rom Tu xosrika Sifroteqstis gasaSifravad formaSi miTiTebul S1 
striqonSi  zustad ar Seitanes   anas mier STI dasaSifravad gamoyenebul saidumlo 
gasaRebis mniSvnelobas, maSin gaSifvris Sedegi, gamotanili ekranze (S3  striqonSi)  iqneba   
gansxvavebuli gamogzavnil sawyisi teqsturi informaciisagan - STI.  
SevniSnoT agreTve, rom danarTebis bolo sami striqonis realizaciiT programul 
modulebTan muSaobis nebismier dros, formis (ix. nax.1 - nax.2) marjvena mxares mdebare 
HELP Rilakze dawkapunebiT, ekranze SeiZleba iqnas gamotanili MS Word redaqtorSi 
Seqmnili failis Semcveli teqsturi informacia. kerZod, mocemul SemTxvevaSi, 
igulisxmeba rom HELP Rilakze dawkapunebiT ekranze aisaxeba D:\VisaubriT_Kriptografiis 
Enaze\ Guidelines_HELP.docx failSi Setanili informacia. 
 danarTi 1 
    { if (textBox2.Text.Length == 1)  
                 label2.Text = "(teqsturi informaciis daSifvra cezaris meTodiT)"; 
            else 
                 if (textBox2.Text.Length < textBox1.Text.Length)  
                      label2.Text = "(teqsturi informaciis daSifvra viJineris meTodiT)"; 
         else 
                      if (textBox2.Text.Length >= textBox1.Text.Length)  
                          label2.Text = "(teqsturi informaciis daSifvra vernamis meTodiT)"; 
        while (textBox1.Text.Length > textBox2.Text.Length) 
                            { textBox2.Text += textBox2.Text; }  
                  textBox2.Text = (textBox2.Text).Substring(0, textBox1.Text.Length); 
                  string ShifTI = ""; 
                  for (int i = 0; i < textBox1.Text.Length; i++)                       
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                     { ShifTI += Convert.ToChar(Convert.ToInt32(textBox1.Text[i]) +  
                                           Convert.ToInt32(textBox2.Text[i]));   
           label8.Text = ""; 
                        label8.Text = ShifTI.ToString(); 
                        File.Delete(@"D:\VisaubriT_Kriptografiis Enaze\ShifTI.txt"); 
                        string path = @"D:\VisaubriT_Kriptografiis Enaze\ShifTI.txt"; 
                        string createText = ShifTI + Environment.NewLine; 
                        File.WriteAllText(path, createText, Encoding.UTF8);    } 
                  private void linkLabel1_LinkClicked(object sender, LinkLabelLinkClickedEventArgs e) 
             {   System.Diagnostics.Process.Start("D:\\VisaubroT_Kriptografiis  
                         Enaze\\Guidelines_HELP.docx");  }   
danarTi 2 
{         string path = @"D:\VisaubriT_Kriptografiis Enaze\ShifTI.txt"; 
           string readText = File.ReadAllText(path); 
             textBox2.Text = readText;      
            textBox2.Text = (textBox2.Text).Trim(); 
            if (textBox1.Text.Length == 1)  
               label2.Text = "(teqsturi informaciis gaSifvra cezaris meTodiT)"; 
            else 
                if (textBox1.Text.Length < textBox2.Text.Length)  
                    label2.Text = "(teqsturi informaciis gaSifvra viJineris meTodiT)"; 
                else 
                    if (textBox1.Text.Length == textBox2.Text.Length)  
                       label2.Text = "(teqsturi informaciis gaSifvra vernamis meTodiT)"; 
            while (textBox2.Text.Length > textBox1.Text.Length) 
                 { textBox1.Text += textBox1.Text; } 
            textBox1.Text = (textBox1.Text).Substring(0, textBox2.Text.Length); 
            label8.Text = ""; 
            string DasTI = ""; 
            for (int i = 0; i < textBox2.Text.Length; i++) 
             {   DasTI += Convert.ToChar(Convert.ToInt32(textBox2.Text[i]) -  
                                                                                Convert.ToInt32(textBox1.Text[i]));      } 
            label8.Text = DasTI.ToString(); 
 } 
        private void linkLabel1_LinkClicked(object sender, LinkLabelLinkClickedEventArgs e) 
        {  System.Diagnostics.Process.Start("D:\\VisaubroT_Kriptografiis  
                                                                                        Enaze\\Guidelines_HELP.docx");  } 
 
 
3.  daskvna 
D teqsturi informaciis daSifvra/gaSifvris SemoTavazebuli universaluri modeli 
da am modelis marializebeli programuli modulebi warmatebiT Seizleba iqnas gamoye- 
nebulni  im pirovnebebis mier, visac surs awarmoon erTmaneTSi dialogi (teqsturi in- 
formaciis gacvla) “kriptografiis enaze”. 
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ON THE REALIZATION OF A UNIVERSAL MODEL OF SYMMETRIC  
CRYPTOGRAPHY SYSTEMS 
Kekelia Valeri 
Georgian  Technikal Universiti 
Summary 
          On the basis of symmetric cryptographic techniques Caesar system, Vigenere and 
Vernam a universal model of the encryption / decryption of text information was developed, as 
well as algorithms and software modules using object oriented programming language C # in 
Microsoft Visual Studio.NET environment. The aforementioned will provide users the 
possibility to exchange short text messages i.e. speak in the "language of cryptography". 
 
 
О РЕАЛИЗАЦИИ УНИВЕРСАЛЬНОЙ МОДЕЛИ СИМЕТРИЧНОЙ  
СИСТЕМЫ КРИПТОГРАФИИ 
Кекелия В. 
Грузинский Технический Университет 
Резюме 
На основе методов криптографии симетричной системы Цезаря, Вижинера и Вернама, 
разработаны универсальная модель шифрования/дешифрования текстовой информации, а 
также алгоритм и программные модули на объектно-ориентированном языке 
программирования - С#, функционирующие в среде Microsoft Visual Studio.NET, что даст 
лицам возможность обмениваться между собой короткими - текстовыми сообщениями т.е. 
разговаривать  на  “языке криптографии”.  
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Teoriuli meqanikis swavleba sainformacio-sakomunikacio 
teqnologiebis gamoyenebiT 
lida beriZe, daviT gorgiZe, rusudan gogiberiZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba Teoriuli meqanikis disciplinis swavlebis meTodebis srulyofis 
sakiTxebi sainformacio-sakomunikacio teqnologiebis intensiuri gamoyenebis safuZvelze. 
Tanamedrove umaRlesi ganaTlebis dawesebulebaTa saswavlo procesSi dRes farTod 
gamoiyeneba sainformacio da sakomunikacio teqnologiebi. Teoriuli meqanika zogadi 
saiJinro disciplinebis aucilebeli Teoriuli safuZvelia, romelic moicavs: masalaTa 
gamZleobas, manqanis nawilebs, hidravlikas, rxevaTa Teorias da sxva. naSromSi 
warmodgenilia fizika-maTematikis mecnierebaTa ciklis erT-erTi fundamenturi, zogadi 
samecniero disciplinis, Teoriuli meqanikis swavlebis sakiTxi sainformacio-
sakomunikacio teqnologiebis gamoyenebiT. 
sakvanZo siytebi: sainformacio-sakomunikacio teqnologiebi. slaid-leqcia. moZrao-
bis gantoleba. wertilis traeqtoria. mxebi da normaluri aCqareba. sagnobrivad-
orientirebuli garemo. kinetikuri maxasiaTeblebi. 
1. Sesavali 
fizika-maTematikis mecnierebaTa ciklis erT-erTi fundamentaluri zogadsamecniero 
disciplinis warmomadgenelia Teoriuli meqanika, romelic amave dros, maTematikisagan 
gansxvavebiT teqnikis samecniero saZirkvlis erT-erTi mTavari Semadgeneli nawilia.  
Teoriuli meqanikis amocanebia: gaacnos studentebs Teoriuli da eqsperimentuli 
kvlevebis ZiriTadi meTodebi; Seaswavlos studentebs maTematikuri meTodebi; rom 
studentebi daeuflon uwyveti garemos meqanikis safuZvlebs; SeeZloT miRebuli codna 
gamoiyenon fizikuri modelebis  Sesaqmnelad, gamoyenebiTi amocanebis amosaxsnelad. 
saswavlo kursisaTvis gamoyofili kreditebis raodenobiT zemoT dasmuli amocanebisa da 
miznebis gadawyveta sakmaod problematuria da SeiZleba iTqvas, rom saeWvocaa.  
2. ZiriTadi nawili 
kompiuteruli teqnologiebis gamoyeneba saSualebas iZleva, rom es problema 
dadebiTad gadawydes, radgan SesaZlebelia maTi efeqturad gamoyeneba saswavlo procesSi. 
kerZod, Teoriuli masalis gadacemisas, studentebis damoukidebeli SemoqmedebiT 
muSaobisaTvis, miRebuli codnis donis SefasebisaTvis, saswavlo procesis Sedegebis 
koreqciisaTvis. informaciis gadacemisas aramarto pedagogis zepirmetyvelebaa arsebiTi, 
aramed sxvadasxva TvalsaCino saSualebebic. Tanamedrove sainformacio saSualebebs 
gaaCniaT yvela aucilebeli instrumentebi saswavlo procesis efeqturad CatarebisaTvis. 
amasTan erTad isic unda aRiniSnos, rom saswavlo teqnikuri saSualebebi ZiriTadi ki 
araa, aramed damxmare saSualebebia. 
kompiuteruli saswavlo saSualebebia: eleqtronuli saxelmZRvaneloebi; video- 
leqciebi; kompiuteruli makontrolebeli programebi; saswavlo daniSnulebis monacemTa 
bazebi da cnobarebi; amocanaTa krebulebi da magaliTebis generatorebi (situaciebis); 
sagnobrivad–orientirebuli garemo; sxvadasxva saxis codnis mxardamWeri kompiuteruli 
ilustraciebi. sabunebismetyvelo ciklis sagnebis swavlebisas informaciuli teqnologi-
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ebis gamoyeneba dafuZnebulia gamoTvliTi saSualebebis farTo SesaZleblobebze, 
kompiuterul saswavlo programebze da kompiuterul qselebze. 
rogorc ukve aRiniSna, Teoriuli meqanikis saswavlo masalis gadacemisas  
SesaZlebelia informaciuli teqnologiebis gamoyeneba. leqcia – umaRles saswavlebelSi 
tradiciuli formaa. leqciebze Tanamedrove sademonstracio saSualebebis gamoyenebam 
unda gazardos studentebis interesi  Sesaswavli masalisadmi,  gaumaxvilos yuradReba, 
gauZlieros mosmenili masalis ukeT aRqmis unari. agreTve daexmaros mosmenili leqciis 
Sinaarsis damaxsovrebaSi. amgvarad, leqciebze multimediuri saSualebebis gamoyeneba 
gazrdis rogorc swavlebis xarisxs, aseve  studentis interess. 
kompiuters gansakuTrebuli adgili ukavia laboratoriul da praqtikul 
mecadineobebze, sadac wina planzea wamoweuli konkretuli meqanikuri sistemebi da maTi 
urTierTqmedebebis sakiTxebi. magaliTad, „mravalganzomilebiani meqanikuri sistemebis 
mcire rxevebi“ Temis Seswavlisas aucilebelia veqtoruli an matriculi formiT 
Cawerili moZraobis diferencialuri gantolebebis amoxsna. es ki sakmaod Sromatevadi 
procesia.  
kompiuteruli teqnologiebis gamoyeneba mniSvnelovnad amartivebs mocemul amocanas, 
amcirebs dros, xolo mcire animacia ki cvlis miRebuli amonaxsnis xangrZlivi analizisa 
da misi fizikuri interpretaciis process. kompiuteruli vizualizacia saSualebas 
iZleva warmovadginoT dinamikuri, droiTi da sivrciTi cvlilebebi, rogorc realuri, 
aseve virtualuri obieqtebis, procesebis, movlenebis, agreTve maTi modelebic. 
nebismieri amocanis amosaxsnelad saWiroa Sesruldes garkveul moqmedebaTa 
erToblioba. sailustraciod ganvixiloT statikis  erT-erTi amocana. 
amocanis amoxsnis algoriTmma bakalavrs unda Seaswavlos am moqmedebaTa dagegmva da 
realizacia, romelzec aris damokidebuli amocanis warmatebulad amoxsna (nax.1). 
PowerPoint redaqtoris daxmarebiT Seqmnili prezentacia aris slaid-leqciis 
safuZveli. misi upiratesoba aris is, rom amocanis amoxsnis meTodis aTviseba bakalavris 
mier xdeba nabij-nabij, amoxsnis algoriTmis daxmarebiT. amasTan SesaZlebelia yoveli 
slaidis Sevseba TandaTanobiT. amisaTvis gamoiyeneba sxvadasxva obieqti. rTuli naxazebis 
ageba etapobrivia da animaciis daxmarebiT iqmneba moZraobis imitacia da a.S. (nax.2-9).  
am midgomisaTvis mTavaria, rom amoxsnis procesi detalizebulia da Sedgeba im 
martivi operaciebisagan, romlebic gamovlenilia sxvadasxva amocanaTa krebulebSi Sesuli 
amocanebis analizis Sedegad  [1-2]. 
 
3. amocana 
 ganvsazRvroT M wertilis moZraobis gantolebebis mixedviT kinematikuri 
maxasiaTeblebi  [3]. 
MM wertilis moZraobis gantolebebia: 
𝑥𝑥(𝑡𝑡) = 3𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑡𝑡   [სმ],     𝑦𝑦(𝑡𝑡) = 2𝑐𝑐𝑠𝑠𝑠𝑠𝑐𝑐𝑡𝑡    [სმ],        ω = π [სმ −1] 
vipovoT M  wertilis traeqtoria, siCqare, aCqareba, mxebi da normaluri aCqareba 
da simrude, roca 𝑡𝑡 = 1
3
 წმ.  
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nax.1.laboratoriuli praqtikumis prezentaciis fanjara 
nax.2. laboratoriuli praqtikumis prezentaciis fanjara 
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nax.4. laboratoriuli praqtikumis prezentaciis fanjara 
 
 
nax.5. laboratoriuli praqtikumis prezentaciis fanjara 
 
nax.6. laboratoriuli praqtikumis prezentaciis fanjara 
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nax.7. laboratoriuli praqtikumis prezentaciis fanjara 
nax.8. laboratoriuli praqtikumis prezentacis fanjara 
 
 
nax.9. laboratoriuli praqtikumis prezentaciis fanjara 
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amocanis amoxsna:  
wertilis traeqtoriis mosaZebnad mocemuli gantolebebidan gamovricxoT t. 
amisaTvis gantolebebidan pirveli gantoleba gavyoT 3-ze, meore 2-ze. miRebuli 
gantolebebi aviyvanoT kvadratSi da SevkriboT, miviRebT 
𝑥𝑥
3
= cos𝑐𝑐𝑡𝑡 ,    𝑦𝑦
2





amrigad, traeqtoria elifsia, romlis centri koordinatTa saTaveSia, a=3 da b=2 
naxevarRerZebiT. 
vipovoT wertilis veqtoruli siCqaris gegmilebi, misi sidide da mimarTuleba 
drois nebismieri momentisTvis, aseve roca 𝑡𝑡 = 𝑡𝑡1. 
𝑣𝑣𝑥𝑥 = 𝑑𝑑𝑥𝑥𝑑𝑑𝑡𝑡 ,     𝑣𝑣𝑦𝑦 = 𝑑𝑑𝑦𝑦𝑑𝑑𝑡𝑡 ,     
𝑣𝑣𝑥𝑥 = −3𝜋𝜋𝑐𝑐𝑠𝑠𝑠𝑠𝜋𝜋𝑡𝑡,     𝑣𝑣𝑦𝑦 = 2𝜋𝜋𝑐𝑐𝑐𝑐𝑐𝑐𝜋𝜋𝑡𝑡  𝑣𝑣 = �𝑣𝑣𝑥𝑥2 + 𝑣𝑣𝑦𝑦2,     
veqtoruli siCqaris mimarTuleba aris: cos𝛼𝛼 = 𝑣𝑣𝑥𝑥
𝑣𝑣




𝛼𝛼 = 𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑥𝑥
𝑣𝑣
,      𝛽𝛽 = 𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑣𝑣𝑦𝑦
𝑣𝑣
 . 
vipovoT wertilis veqtoruli  gegmilebi, misi sidide da mimarTuleba drois 
nebismier momentisaTvis, aseve roca 𝑡𝑡 = 𝑡𝑡1 
𝑤𝑤𝑥𝑥 = 𝑑𝑑2𝑥𝑥𝑑𝑑2𝑡𝑡 ,     𝑤𝑤𝑦𝑦 = 𝑑𝑑2𝑦𝑦𝑑𝑑2𝑡𝑡 ,     𝑤𝑤 = �𝑤𝑤𝑥𝑥2 + 𝑤𝑤𝑦𝑦2. 
𝑤𝑤𝑥𝑥 = −3𝑐𝑐𝑐𝑐𝑐𝑐𝜋𝜋𝑡𝑡 ∙ 𝜋𝜋2,     𝑤𝑤𝑦𝑦 = −2𝑐𝑐𝑠𝑠𝑠𝑠𝜋𝜋𝑡𝑡 ∙ 𝜋𝜋2,     𝑤𝑤 = 𝜋𝜋2√5 cos2 𝜋𝜋𝑡𝑡 + 4 . 
veqtorul aCqarebis mimarTuleba aseTia: cos𝛼𝛼1 = 𝑤𝑤𝑥𝑥𝑤𝑤 ,       cos𝛽𝛽1 = 𝑤𝑤𝑦𝑦𝑤𝑤  
saidanac 
𝛼𝛼1 = 𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑤𝑤𝑥𝑥𝑤𝑤 ,      𝛽𝛽1 = 𝑎𝑎𝑎𝑎𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑤𝑤𝑦𝑦𝑤𝑤  . 
gamovTvaloT wertilis mxebi aCqareba drois nebismieri momentisaTvis, aseve 𝑡𝑡 = 𝑡𝑡1. 
sTvis 
𝑤𝑤𝜏𝜏 = 𝑣𝑣𝑥𝑥𝑤𝑤𝑥𝑥+𝑣𝑣𝑦𝑦𝑤𝑤𝑦𝑦𝑣𝑣 . 
vipovoT wertilis normaluri aCqareba drois nebismieri momentisTvis, aseve 
𝑡𝑡 = 𝑡𝑡1. s  - Tvis. 
𝑤𝑤𝑛𝑛 = �𝑤𝑤2 − 𝑤𝑤მხ2 





vaCvenoT am amocanis amoxsna MatLab kompiuterul paketSi (nax.10-11) [4]. 
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4. daskvna 
Teoriuli meqanika aucilebeli Teoriuli safuZvelia iseTi zogadsainJinro 
disciplinebisaTvis, rogoricaa masalaTa gamZleoba, meqanizmebisa da manqanebis Teoria, 
manqanaTa nawilebi, hidravlika, rxevaTa Teoria da a.S. Teoriuli meqanikis Seswavlam 
momaval specialists unda misces codnis is fundamenturi minimumi, romlis daxmarebiTac 
mas SeeZleba damoukidebelad aiTvisos yvela is axali meTodi, rac SeiZleba mas Sexvdes 
Semdgomi samecniero-teqnikuri progresis procesSi. kompiuteruli teqnologiebis 
gamoyeneba saSualebas iZleva, rom es problema dadebiTad gadawydes, radgan SesaZlebelia 
maTi efeqturad gamoyeneba saswavlo procesSi. sabunebismetyvelo ciklis sagnebis 
swavlebisas informaciuli teqnologiebis gamoyeneba dafuZnebulia gamoTvliTi 
saSualebebis farTo SesaZleblobebze, kompiuterul saswavlo programebze da 
kompiuterul qselebze. amrigad, Teoriuli meqanikis saswavlo masalis gadacemisas  
mizanSewonilia informaciuli teqnologiebis gamoyeneba. 
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TEACHING THEORETICAL MECHANICS USING INFORMATION & 
COMMUNICATION  TECHNOLOGIES 
Beridze Lida, Gorgidze David, Gogiberidze Rusudan 
Georgian Technical University 
Summary 
The article discusses topics of improving the methods of teaching theoretical mechanics 
discipline based on intensified use of information and communications technologies in daily life. 
Modern higher educational institutions widely use information and communications technologies in 
teaching processes. Theoretical mechanics is considered as an essential theoretical background of 
general engineering disciplines including material durability, car parts, hydraulics, wave theory and so 
on. The work is about the issue of teaching theoretical mechanics, one of the fundamental, general 
scientific disciplines of physics-mathematics using the technologies mentioned above 
 
ИЗУЧЕНИЕ ТЕОРЕТИЧЕСКОЙ МЕХАНИКИ С ПРИМЕНЕНИЕМ 
ИНФОРМАЦИОННО-КОММУНИКАЦИОННЫХ ТЕХНОЛОГИЙ 
Беридзе Лида, Горгидзе Давид, Гогиберидзе Русудан 
Грузинский Технический Университет 
Резюме 
Сегодня важное внимание уделяется совершенствованию методов изучения любого 
предмета, что в большей мере вызвано интенсивным ростом применения информационно-
коммуникационных технологий в повседневной жизни.Исходя из сказанного, в учебных 
процессах современных высших учебных учреждений широко используются информационно-
коммуникационные технологии.Теоретическая механика представляет собой обьязательную 
основу общих инженерных дисциплин: сопротивление материалов, детали машин, гидравлика, 
теория колебании и др.В статье  рассматривается вопрос изучения одной фундаментальной 
научной дисциплины – теоретической механики из цикла физико-математических наук с 
применением современных информационно-коммуникационных технологий.  
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navTobis rezervuarebSi donisa da fazebs Soris  
sazRvrebis gazomvis Tanamedrove meTodebis mimoxilva 
zaal azmaifaraSvili, guram  murjikneli,  
giorgi qitiaSvili 
saqarTvelos teqnikuri universiteti 
reziume 
     ganxilulia navTobis rezervuarebSi navTobproduqtebis doneebis gazomvis meTodebi 
sxvadasxva tipis sazomi xelsawyoebis saSualebiT. naCvenebia Tu navTobis romeli 
produqtebis SemTxvevaSi gazomvis romeli meTodisa da xelsawyos gamoyenebaa mizan-
Sewonili. warmodgenilia agreTve navTobis rezervuarSi navTobsa da wyals Soris 
arsebuli emulsiuri zonis „navTobi-wyali“ sazRvrebis dadgenis (gazomvis) meTodebi da 
saSualebebi. 
sakvanZo sityvebi: navTobrezervuari. donis sazomebi. navTobis momzadeba. 
1. Sesavali 
     navTobis  donis sazomi xelsawyoebi gamoirCeva didi mravalferovnebiT. nebismier 
maTgans gaaCnia Tavisi dadebiTi da uaryofiTi mxareebi. maT Soris ukeTesis arCeva 
damokidebulia donis gazomvis procesis bunebaze, moTxovnil sizusteze, agreTve 
finansur SezRudvaze. 
     nedli navTobis momzadebisas aucilebelia ganisazRvros rezervuarebSi navTobis 
done da siTxis _ „navTobi-wyali“ Sualedis sazRvrebi. amisaTvis gamoiyeneba vizualuri, 
meqanikuri, eleqtruli, akustikuri (ultrabgeriTi), mikrotalRuri (radaruli), 
refleqsuri (talRagamtaruli), siTxis donisa da gamyofi Sualedis sazRvrebis gazomvis 
sistema da a.S. ganvixiloT isini. 
2. ZiriTadi nawili 
2.1. vizualuri donis sazomebi 
esenia donis umartivesi sazomebi (nax.1). aparatTan 1 
Camketi ventilebiT mierTebulia maCvenebeli  mina (mili-
3). aparati da mili  ziarWurWelia, amitom milSi siTxis 
done H yovelTvis tolia aparatSi siTxis donisa da 
aiTvleba skalaze sm-Si. donis aseTi sazomebi saimedo, 
zusti da martivia, magram Sesabamisi signalis generaciisa 
da gadacemis ararseboba zRudavs maT SesaZleblobebs. 
2.2 meqanikuri donis sazomebi 
aseTi saxis donis sazomebs ekuTvnis livliviani, 
tivtiviani da hidrostatikuri xelsawyoebi.  
a) livliviani donis sazomebi. aseTi donis sazomebis 
(nax.2) mgrZnobiare elementia livliva 1. romelic  siTxis 
zedapirzea da gawonasworebulia tvirTiT 3. tvirTi da 
livliva erTmaneTs ukavSirdeba moqnili trosiT 2. siTxis 
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     gazomvis sazRvrebi dgindeba zeda (z.d.) da qveda (q.d.) doneebiT, romelTa Soris 
diapazoni 15-20 metria. aseTi donis sazomebSi gaTvaliswinebulia agreTve Cvenebis 
distanciuri gadacema. 
     livliviani donis sazomebi gamoirCeva simartiviT, simtkiciT, maRali sizustiT, 
mcire fasiT da sxv. magram isini gamousadegaria webovani siTxeebisTvis. livlivas 
moZraoba damokidebulia mis zomebze da aqvs proble-
mebi gazomvebisas aSxefebul siTxeebSi. 
  b) tivtiviani donis sazomebi. maTSi siTxeSi 
moTavsebul sxeulze arqimedes kanonis Tanaxmad 
moqmedebs amomgdebi Zala, romelic proporciulia 
sxeulis mier gamodevnili siTxisa (nax.3). 
mgrZnobiare elementia  cilindruli tivtiva 1, 
romlis simkvrive metia siTxis simkvriveze.  
 
 
     tivtivas sigrZe unda iyos gasazomi donis maqsimaluri simaRlis toli. roca 
siTxis done metia aramgrZnobiare zonis h0 simaRleze, gamzomi Zeli 2, romelzec 
Camokidebuli tivtiva-1 imyofeba wonasworobaSi. momenti M1, romelic iqmneba G1 
tivtivaTi, gawonasworebulia 4 sapirwones M2 momentiT. 
Tu siTxis done gautoldeba h-s,  maSin tivtivas wona Semcirdeba. Semcirdeba aseve  
𝑀1 − ც, ( 𝑀2 -ze naklebi gaxdeba) da Zeli gadaadgildeba saaTis isris mimarTulebiT, 
romelic  gadaaadgilebs 5 sazomi gardamqmnelis 3 berkets. Sedegad 5-is gamosasvlelze 
gaCndeba signali. aseTi sazomebis diapazonia 0,025-16 m. maT igive Rirsebebi da 
naklovanebebi aqvs, rac livliva donis sazomebs. 
     g) hidrostatikuri donis sazomebi. maTi muSaobis principi 
emyareba 1 siTxis svetis wnevis gawonasworebas 2 mgrZnobiare 
elementze zambariani meqanizmiT (nax.4). isini gamoirCeva 
konstruqciis simartiviT, sizustiT, gamoyenebis SesaZleblobiT 
dabinZurebuli siTxeebis SemTxvevaSi, SedarebiT mcire fasiT. 
naklovan mxareebs miekuTvneba: montaJi rezervuaris fskerze, 
gamoyeneba gasazomi obieqtis mxolod mudmivi simkvrivisa da 
medegobisas, agreTve gasazom obieqtTan mudmivi kontaqti. 
gazomvis diapazoni Seadgens 15-25 m-s. 
 
3. eleqtruli donis sazomebi 
     maTi saSualebiT SeiZleba gavzomoT rogorc gamtari, ise 
dieleqtrikuli siTxeebis doneebi. gamtarebis ZiriTad parametria  
maTi eleqtrogamtaroba, dieleqtrikebisa ki −  fardobiTi 
dieleqtrikuli SeRwevadoba. arsebobs konduqtometruli da 
tevaduri donis sazomebi. 
      a) konduqtometruli  sazomebi gamoiyeneba siTxeebis 
gamtarobis gasazomad, maTi pirveladi sazomi gardamqmnelia ori 
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dones (nax.5). misi gamomavali parametria winaRoba. aseTi donis sazomebis sizuste 
SezRudulia eleqtrodebis ganivi kveTis farTobis cvalebadobiT, agreTve eleqtrodebis  
zedapirze arsebuli Jangisa da marilebis fenis gamo. Sedegad, am sazomebis cdomileba 
sakmaod maRalia (5 – 10 %). 
b) tevaduri donis sazomebi. maTi pirveladi sazomi gar-
damqmnelia koaqsialuri cilindruli kondensatori, romlis 
Siga Semonafeni izolaciiT 2 dafaruli zondia 1 (nax.6). is 
moTavsebulia milis 3 RerZis gaswvriv, romelic aris 
kondensatoris gare Semonafeni. zondis izolaciis gare 
zedapirsa da gare Semonafens Soris manZils ewodeba  muSa 
RreCo.  is xvrelebiT qveda macentrirebel  masraSi da gare 
miliT  ukavSirdeba WurWels, romelSic izomeba done. siTxe 
aRniSnuli xvrelebiT xvdeba gardamqmnelis muSa RreCoSi da 
cvlis mis tevadobas. sazomi sqema afiqsirebs nulovani da 
mimdinare doneebis Sesabamis tevadobaTa sxvaobas. xelsawyos 
ZiriTadi cdomileba ar aRemateba 0,1 – 0,2%. simartivisa da 
maRali saimedoobis gamo aseTi sazomebi farTod gamoiyeneba. maTi mgrZnobiaroba didadaa 
damokidebuli siTxeebis eleqtruli Tvisebebis cvalebadobaze, risi mizezicaa pirveladi 
gardamqmnelis eleqtrodebis temperaturisa da Semadgenlobis cvalebadoba maTze 
danaleqebis warmoqmnis Sedegad. 
2.4. siTburi donis sazomebi 
siTburi donis sazomebis moqmedeba damyarebulia an siTxesa 
da mis Tavze warmoqmnili orTqlisa da gazis narevs Soris 
temperaturaTa sxvaobis gamoyenebaze (dilatometruli 
sazomebi) an  maT Tbogamtarobebs Soris sxvaobis gamoyenebaze 
(Termorezistoruli sazomebi).  
dilatometruli  sazomebis (nax.7) mgrZnobiare elementia 
RerZi an mili, romelic SexebaSia siTxesTan  da orTqlisa da 
gazis narevTan.  
   Tbogacvlis Sedegad mgrZnobiare elementi miiRebs  
siTxisa da gazis proporciul temperaturebs da siTxis 
donis mimdinare mniSvnelobas. Sedegad, siTxisa da gazis    
 temperaturaTa ucvlelobis SemTxvevaSi, mgrZnobiare elemen-
tis saSualo temperature iqneba donis mimdinare mniSvnelobis sazomi. mgrZnobiare 
elementis saSualo temperaturis Sesaxeb msjeloben misi fardobiTi dagrZelebis 
mixedviT. am sazomebs iyeneben, roca siTxisa da mis Tavze gazisebri narevis 
temperaturebi SedarebiT stabiluria da amasTan maT Soris mniSvnelovani gansxvavebaa.  
      miuxedavad maTi simartivisa da maRali saimedoobisa, aseTi donis sazomebi maTi 
gazomvebis mcire diapazonisa da dabali sizustis gamo mrewvelobaSi naklebad gamoiyeneba. 
2.5. akustikuri da ultrabgeriTi donis sazomebi 
      akustikuri da ultrabgeriTi donis sazomebSi gamoyenebulia bgeriTi rxevebis 
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akustikur donis sazomebSi gamoiyeneba siTxis donis lokaciis 
meTodi gazis garemos gavliT (nax.8). am sazomebSi ar gvaqvs 
elementebi, romlebic uSualod exeba siTxeebs. amitom maTi 
gamoyeneba SeiZleba nebismieri siTxisaTvis, romelTa wneva 4 mpa-ia 





ultrabgeriTi donis sazomebSi gamoiyeneba meTodi, romelic 
emyareba ultrabgeriTi rxevebis arekvlis efeqts ori garemos 
gamyofi sazRvridan siTxis mxridan (nax.9). aseTi donis sazomebi 
gamoiyeneba mxolod erTgvarovani maRali wnevis mqone 
siTxeebisaTvis. 
    
2.6. mikrotalRuri (radaruli) donis sazomebi 
radaruli donis sazomebSi, akustikuri sazomebis msgavsad, gamoiyeneba 













maT ar gaaCnia kontaqti gasazom obieqtTan. es saSualebas iZleva gamoviyenoT isini 
maRali wnevisa datemperaturis pirobebSi, orTqlisa da gazis arsebobisas zedapirze. 
maTi saSualebiT SeiZleba agreTve agresiuli, blanti, araerTgvarovani siTxeebisa da 
fxvieri masalebis doneebis gansazRvra. ultrabgeriTi ukontaqto  sazomebisgan maT 
ganasxvavebs wnevisa datemperaturis cvlilebisadmi naklebi mgrZnobiaroba, agreTve 
maRali mdgradoba zedapiris damtverianebisa da  aorTqlebisadmi. radaruli donis 
sazomebis sizuste ±1 mm-ia.   
donis pirveladi gardamqmneli mowyobilia radiolokatoris principis mixedviT. es  
iZleva saSualebas minimumamde daviyvanoT gasazomi obieqtis parazituli da 
uswormasworobasTan dakavSirebuli xelSeSlebis gavlena. 
     maTze ar moqmedebs temperatura, wneva, tenianoba, qafi, mtveri, masalis saxe 
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STanTqma dieleqtrikebis mier gasazomi nivTierebis dieleqtrikuli mudmiva unda iyos 
1,6-ze meti, xolo webovanma nivTierebebma SeiZleba gamoiwvios gardamqmnelis gaCereba. 
2.7. refleqsuri (talRgamtaruli) donis mzomebi 
     maTi daniSnulebaa donis, distanciisa da moculobis gazomva siTxeebis, pastebis da 
fxvieri produqtebis SemTxvevaSi, agreTve Txevadi produqtebis sazRvrebis gayofa.  
aseTi sazomebi radaruli donis sazomebis msgavsia, magram eleqtromagnituri impulsi 
maTSi vrceldeba talRgamtarSi. es xelsawyoebi gamoiyeneba maSin, roca donis sxva 
sazomebis gamoyeneba gaZnelebulia maRali mtvrianobis, sqeli qafis an arasakmarisi 
energiis gamo. radarul impulsebze praqtikulad ar moqmedebs garemos Semadgenloba, 
rezervuaris atmosfero, temperatura da wneva. amitom isini SeiZleba  gamoviyenoT ufro 
mkacr pirobebSi: maRal temperaturebze da wnevebze, siTxis Zlieri Relvisas, rodesac 
siTxis zedapirze orTqli da gazia. isini gamoiyeneba agreTve momcro da viwro 
rezervuarebisaTvis. 
aRniSnul xelsawyoSi xdeba eleqtromagnituri impulsebis arekvla talRgamtarSi 
gavlisas dieleqtrikuli mudmivas mkveTri cvlis sazRvridan haersa da produqts Soris. 
gamosxivebul impulsebs aqvs mcire simZlavre da isini koncentrirebulia zondis 
gaswvriv. Sedegad energia TiTqmis ar ikargeba. es niSnavs, rom arekvlili signalis Zala 
iqneba TiTqmis erTnairi zondis sigrZis miuxedavad.  
     mikrotalRuri mcire simZlavris radaruli  impulsebi miemarTeba qveviT zondis 
gaswvriv. rodesac radaruli  impulsi miaRwevs gansxvavebuli dieleqtrikuli 
















radaruli impulsis gagzavnis momentsa da eqos miRebis moments Soris droSi 
sxvaoba proporciulia manZilisa, romlis Sesabamisad ganisazRvreba siTxis an ori 
garemos gamyofi sazRvris done. 
     arekvlili eqo/signalis intensivoba damokidebulia garemos dieleqtrikul 
SeRwevadobaze. ori garemos gamyofi sazRvris donis gasazomad, xelsawyoSi gamoiyeneba 
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airekleba aRniSnuli sazRvridan vidre ar airekleba garemos qveda sazRvridan. amasTan, 
talRis gavrcelebis siCqare damokidebulia zeda garemos dieleqtrikul SeRwevadobaze. 
2.8. donisa da garemos gamyofi sazRvrebis sazomi sistema 
     es sistema aris donisa da gamyofi sazRvrebis sazomi mravalkomponentian garemoSi 
da TiToeuli produqtis raodenobis ganmsazRvreli. is saSualebas iZleva miviRoT 
rezervuarSi  produqtis raodenobrivi da xarisxobrivi Sefasebebi. 
     realurad navTobsa da wyals Soris mkveTri gamyofi fena ar arsebobs. aris 
gardamavali emulsiuri zona −  „Sualeduri fena“. es niSnavs, rom sazRvris cneba 
„navTobi-wyali“ sakmaod pirobiTia. teqnologiuri procesebis mcire dinamikis pirobebSi 
mocemuli daSveba SeiZleba arakritikuli aRmoCndes „Sualeduri fenis“ stabilobis gamo 
(nax.12).  
 
  nax.12                          nax.13 
Tumca ufro rTuli reJimebis SemTxvevaSi arastabiluri „Sualeduri fenis“ 
arsebobisas, an Tu rezervuarebSi da teqnologiur aparatebSi ar aris arc navTobi arc 
wyali da aris mxolod „Sualeduri fena“ emulsiis sxvadasxva TvisebebiT (nax.13), 
gasazomi informacia navTobi-wyali sazRvrebs Soris donis Sesaxeb iqneba arautyuari da 
SeiZleba gamoiwvios mcdari teqnologiuri gadawyvetilebebi. 
         УМФ-300 sistemis ganviTarebis koncefciaSi „Sualeduri fena“ ikavebs mTavar 
adgils, ramdenadac zustad iq xdeba ZiriTadi procesebi navTobisa da wylis 
gancalkevebisaTvis.. УМФ-300 navTobisa da wylis doneebis garda zomavs emulsiis dones, 
gansazRvravs „navTobi-emulsiis“ da „emulsia-wylis“ sazRvrebis arsebobas da simkveTres, 
gansazRvravs „Sualeduri fenis“ struqturas  − mdgradia Tu ara, erTgvarovania Tu ara. 
3. daskvna 
rogorc donis ganxiluli sazomebidan Cans, TiToeul maTgans aqvs Tavisi dadebiTi 
da uaryofiTi mxareebi. aseTebia: gazomvis diapazoni, sizuste, cdomileba, mgrZnobiaroba 
da sxv.  garda amisa, am xesawyoebs gaaCnia rigi specifikuri maxasiaTeblebi, romlebic 
gansazRvravs maTi gamoyenebis SesaZleblobas sxvadasxva tipis navTobproduqtebis mimarT. 
kerZod, maTi saSualebiT SeiZleba gavzomoT sxvadasxva temperaturis, siblantis, 
aalebadobis, gamWvirvalobis, simkvrivis navTobproduqtebis doneebi da a.S. garda 
doneebis gazomvisa, didi mniSvneloba eniWeba navTobproduqtebis gamyofi sazRvrebis 
gazomvas, mravalkomponentian garemoSi da TiToeul garemoSi produqtis raodenobis 
gansazRvras. aseTi gazomvebisas iqmneba garkveuli siZneleebi. romlebic SeiZleba 
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OVERVIEW OF MODERN METHODS FOR MEASURING LEVEL AND  
INTERFACE PHASES IN OIL TANKS 
 Azmaiparashvili Zaal, Murjikneli Guram, Qitiashvili Georgi. 
Georgian Technical University 
Summary 
The paper discusses methods of oil level measurements in an oil tank by means of measuring 
instruments of different types. Described the advantages and disadvantages of each method. It is 
shown what method of measurement and measurement instruments must be used for different types of 
oil products. It is also considered the methods and means for determining (measurement) an 
intermediate emulsion "oil-water" zone in the oil reservoir 
 
 
ОБЗОР СОВРЕМЕННЫХ МЕТОДОВ ИЗМЕРЕНИЯ  УРОВНЯ  И ГРАНИЦ  
РАЗДЕЛА ФАЗ  В НЕФТЯНЫХ РЕЗЕРВУАРАХ 
Азмаипарашвили З., Мурджикнели Г., Китиашвили Г. 
Грузинский технический университет 
Резюме 
Pассматриваются методы измерения уровней нефтепродуктов в нефтяных резервуарах 
с помощью измерительных приборов разного типа. Приводятся достоинства и недостатки 
каждого из них. Показано при каких видах нефтепродуктов какой метод измерения и 
измерительный прибор целесообразно применить. Рассматриваются также методы и 
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gazomviTi procesebis elementebis da meTodur-jamuri 
cdomilebebis aspeqtebi metrologiur kvlevebSi 
izolda  garsevaniSvili, vladimer fadiuraSvili,  zaza fadiuraSvili 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba gazomviTi elementebis da meTodur-jamuri cdomilebebis aspeqtebi 
metrologiur kvlevebSi. gazomvebisa da kontrolis SemTxvevaSi gamocdad moixse-nieba 
obieqtis Tvisebebis Tvisobrivi da raodenobrivi ma-xasiaTeblebis eqsperimentaluri 
gazomvebi specialuri saSualebebiT. aRsaniSnavia, rom gamocdis realuri pirobebi 
yovelTvis gansxvavdeba nominalurisagan, amitom absolu-turad zusti monacemebis miReba 
yovelTvis Seadgens did siZneles. ganxilulia cdomilebebis saxeebi da maTi maxasi-
aTeblebi, cdomilebebis gasaangariSebeli meTodebi da au-cilebeli moTxovnebi monacemTa 
Sejamebis dros.   
sakvanZo sityvebi: eleqtruli gazomva. magnituri gazomva. akustikuri gazomva. 
optikuri gazomva. meqanikuri gazomva. sistemuri cdomileba. SemTxveviTi cdomileba.  
1. Sesavali 
gazomva rTuli procesia, romelic iTvaliswinebs mTe-li rigi struqturuli 
elementebis urTierTqmedebas. maT miekuTvneba: gasazomi davaleba, gazomvis obieqti, 
gazomvis principi, gazomvis meTodi da saSualeba, gazomvis modeli, gazomvis pirobebi, 
Sedegebi da gazomvis cdomileba. 
gazomvis procesi mimdinareobs ori mimarTulebiT, romlebic ukavSirdeba da avsebs 
erTimeores „realuroba-modeli“ formiT.gazomvis obieqtis modeli unda akmayofilebdes 
moTxovnebs - cdomileba ar unda aRematebodes dasaSvebi normebidan 10 %-s. Tu aseTi 
gazomvis modeli ver akmayofilebs dadgenil moTxovnebs, saWiroa gazomvis obieqtis 
Secvla metad efeqturi modeliT, romelic daakmayofilebs saWiro  fizikuri monacemebis 
moTxovnebs. 
gazomvis obieqti axorcielebs principis SerCevas, gazomvis meTods da saSualobas. 
gazomvis principSi igulisxmeba fizikuri principebis erToblioba, rasac efuZneba 
gazomva. magaliTad, rodesac vzomavT eleqtrul Zabvas, an gazomvis siCqares. gazomvis 
meTodi aris xerxi an gasazomi sidideebis erToblioba da urTierTSedareba. 
metrologiuri analizisaTvis aucilebelia tradiciu-li klasifikacia dafuZnebuli 
fizikur principebze. aqedan gamomdinare gazomvebis saxeebia: eleqtruli, magnituri, 
akustikuri, optikuri,meqanikuri da a.S. yvelaze matriv meTodad iTvleba 
magnitoeleqtruli sistemebis Zabvis gazomva eleqtromeqanikuri voltmetrebiT, sadac 
viyenebT diferencialur da nulovan meTodebs. diferencialuris dros gazomili sididis 
Sedarebas vaxdenT winaswar moTxovnad sididesTan, xolo nulovani meTodis dros maT 
Soris sxvaoba unda utoldebodes nuls.   
gazomvis procesSi aucilebelia gazomvis saSualebis sworad SerCeva, sadac 
gasaTvaliswinebelia garemos temperatura, tenianoba, wneva da a.S. moqmedi sidideebi, 
romelTa gavlenac aisaxeba Sedegebze. aseT dros aucilebelia damatebiTi cdomilebebis 
gaTvaliswinebac, ris Semdegac gazomvis sizuste iTvleba dadebiTad, rodesac gaangariSe-
buli cdomilebebi miaxloebulia nulTan. aucilebelia erTidaigive obieqtze gazomva 
Catardes ramodenimejer erTidaigive saSualebiT da saTanado pirobebiT. Semdeg xdeba 
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Sedegebis Sedareba, sadac aucilebelia maTi monacemebis Tanxvedra, rac iTvleba gazomvis 
xarisxis maCveneblad. gazomvis Sedegi da cdomilebis Sefaseba iwodeba gazomvis 
subieqtad, rac aerTianebs gazomvis procesSi realur da moTxovnad Sedegebs, ris 
mixedviTac xorcieldeba Tanmimdevroba, rac gamoixateba SemdgomSi gasazomi davalebis 
dasmiT, obieqtze informaciis moZieba da analizi, obieqtis gasazomi modelis SerCeva da 
miRebuli Sedegebis damuSaveba. 
gazomvis metrologiuri gazomvebidan gamomdinare gazomvebi iyofa teqnikur da 
metrologiur mimarTulebad. 
teqnikuri gazomvebi mimdinareobs specialuri teqnikuri  saSualebebiT da miRebul 
Sedegebze dayrdnobiT. xolo metrologiuri gazomvebi sruldeba etalonebis saSualebiT 
da SedarebiT etalonur da praqtikul-realurad miRebul monacemebs Soris. 
2. ZiriTadi nawili 
gamocdisa da kontrolis SemTxvevaSi gamocdad moixse-nieba obieqtis Tvisebebis 
Tvisobrivi da raodenobrivi maxasiaTeblebis eqsperimentaluri gazomvebi specialuri 
saSualebebiT. maxasiaTeblebis eqsperimentaluri gansazRvra mimdinareobs gazomvebiT, 
SefasebebiT da kontroliT. 
gamocdis mizans Seadgens aqtiuri parametrebis monacemebi da maxasiaTeblebi 
gamocdebis msvlelobis dros, vinaidan gamocdis realuri pirobebi yovelTvis 
gansxvavdeba nominalurisagan, amitom absoluturad zusti  monacemebis miReba yovelTvis 
Seadgens did siZneles.gamocdis Sedegebad yovelTvis moixseneba obieqtis Tvisebebis 
maxasiaTeblebi, rodesac dasmuli davaleba Seesabameba obieqtis moTxovnebs da Sedegebi 
xasiaTdeba sizustiT. 
gazomvebsa da gamocdebs Soris arsebobs TvalsaCino msgavseba. jer erTi, Sedegebi 
orive operaciis dros gamoisaxeba ricxobrivad da meorec, cdomilebebi orive 
SemTxvevaSi damoukidebelia gazomvisa da gamocdis Sede-gebze. magram metrologiis 
TvalsazrisiT aris maT Soris gansxvavebac, rac gamoixateba cdomilebebis gansazRvris 
dros. ase, rom gamocda es aris zogadi informacia obieqtis Sesaxeb, xolo gazomva 
informacia realuri Sedegebis Sesaxeb. gazomva da kontroli mkveTrad arian erTimeores-
Tan dakavSirebuli informaciuli momacemebiT da gamoirCevian saerTo operaciebiT, 
rogoricaa  Sedarebebi da gasazomi gardamqmnelebi. amave dros maTi procedurebi bevrad 
gansxvavdeba: 
- gazomvis Sedegad iTvleba raodenobrivi maxasiaTebeli, xolo kontrolis - 
Tvisobrivi; 
- gazomva mimdinareobs monacemTa farTo diapazoniT, xolo kontroli - mcire 
ricxovani monacemebiT SesaZleblobebis farglebSi; 
- makontrolebeli xelsawyoebi, gamzomi xelsawyoebisagan gansxvavebiT, ixmareba 
nawarmis mdgomareobis gasakontroleblad, risi parametrebic cnobilia da icvleba viwro 
zRvrebSi; 
-  produqciis ZiriTad maxasiaTeblad gazomvisas iTvleba sizuste, xolo 
kontrolis SemTxvevaSi - WeSmariteba.    
produqciis gazomvis Sedegad miRebuli xarisxi ganisazRvreba misi cdomilebiT. 
cneba „cdomileba“ emyareba sam ZiriTad moTxovnas: gazomili fizikuri sidideebis mosa-
lodneli da realuri mniSvnelobebi da gazomvis Sedegebi. 
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fizikuri sidideebis mosalodneli mniSvnelobebi aris idealuri pirobebis Sedegad 
misaRebi monacemebi aRebul obieqtze, romelic exeba rogorc raodenobriv, aseve Tviso-
briv monacemebs.fizikuri sidideebis realuri mniSvnelobebi aris eqsperimentalurad 
miRebuli Sedegebi, rac sasurvelia uaxlovdebodes mosalodnel monacemebs.  
gazomvis Sedegebi miaxloebiTi angariSebia da uaxlovdeba mosalodnel Sedegebs. 
ganmarteba „cdomileba“ aris metrologiis erT-erTi centraluri moTxovnadi 
mniSvneloba da asaxavs gazomili Sedegebis cdomilebas. es aris sxvaoba gazomvis Sedegad 
miRebul realur monacemebsa da mosalodnel Teoriul Sedegebs Soris 
Δ = X – Q 
e.i. es aris sxvaoba gazomvis saSualebebis monacemebsa da miRebul fizikur sidideebs 
Soris. 
praqtikulad cdomileba SeiZleba davyoT SemTxveviT cdomilebad, sistemur 
cdomilebad, progresirebad da `uxeS” cdomilebad. SemTxveviT cdomilebas miekuTvneba 
gazomvebis dros gauTvaliswinebeli Sedegis miReba, romelic gamoiwvia an gasazomi 
saSualebis gaumarTaobam, an kidev Semsruleblis gamo. sistematiuri cdomilebis dros 
saqme gvaqvs  mudmivad dakanonebul cdomilebasTan, romelic mcirdeba yovelTvis 
gazomvebis gameoradobis dros. progresirebuli cdomileba aris araprognozirebadi 
cdomileba, romelic drois mTel monakveTSi nel-nela icvlis mdgomareobas da aris 
specifikuri arastacionalu-ri procesebisaTvis. uxeSi cdomileba aris SemTxveviTi 
Sedegebi calkeuli dakvirvebebis dros, romelic vlindeba ZiriTadad an gare-Se 
faqtorebis gavleniT, an kidev operator-laborantis ara swori moqmedebiT. 
arsebobs SedarebiTi cdomileba, rodesac absoluturi cdomileba efardeba 








aq mocemuli cdomileba gaigivebuli SedarebiT cdomile-basTan ganixileba sazomi 
sistemebis absolutur cdomilebad da iTvleba mudmiv cdomilebad gazomvebis dros. 
aqedan gamomdinare, gazomvebis dros miRebuli Sedegebis sizuste xasiaTdeba 
miRebuli cdomilebebis safuZvelze. 
gaangariSebebiT miRebuli Sedegobriv cdomilebebs uwodeben jamur cdomilebebs, 
sadac mTavar problemad iTvleba is, rom cdomilebebis Sejamebisas Sedegebi unda 
CavTvaloT SemTxveviT cdomilebad. namdvilobis Teoriis Tanaxmad Sedegebis orientireba 
unda xdebodes mravaljeradi gazomvebis da cdomilebebis Sedegebis safuZvelze. 
unda gaviTvaliswinoT, rom calkeuli Semadgeneli cdomilebebi unda iyos 
erTimeoresTan Sexamebuli; ,am dros jamis kanonierebis forma SeiZleba mkveTrad gansxvav-
debodes Semadgenlobis ganawilebis moTxovnebisagan. 
cdomilebebis dajameba efuZneba kanon moTxovnas, rom cdomilebis absoluturi 
mniSvneloba yovelTvis unda iyos gazomil Sedegebze bevrad naklebi. 
praqtikuli moTxovnebi jamuri cdomilebebis misaRebad mdgomareobs masSi, rom  
1. jamuri mniSvnelobebis misaRbad gasaTvaliswinebelia kavSiri sxvadasxva cdomile-
bebis Semadgenlobisa; 
2. TiToeuli Semadgenloba unda moinaxos calke gaangariSebiT da moTxovnadi kanonebis 
gaTvaliswinebiT; 
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3. yvela jamuri Sedegebis miRebisaTvis aucilebelia calkeuli cdomilebebis cal-
calke gaangariSeba; 
4. Semadgenlobebis Sejamebidan gamoyofen mkveTrad urTierTdamokidebul cdomilebebs 
da maT Sefasebebs, ris Semdegac axdenen maT geometriul Sejamebas. 
cdomilebaTa Sejamebis meTodika mdgomareobs imaSi, rom procesebi ganxorcieldes 
rac SeiZleba martivad da moxerxebulad, romelic mkveTrad amartivebs Sromas da zrdis 
mis nayofierebas. 
sistematuri cdomilebebis gamosakvlevad fasdeba maTi Semadgenlobebis mixedviT da 
uwodeben elementalur sistemur cdomilebebs da naxuloben maTi gamosworebis meTodebs 
cdomilebebis aRsakveTad, risTvisac saWiroa davicvaT Semdegi moTxovnebi: 
- Tu cnobilia cdomilebaTa zRvrebis Sefaseba, maSin maTi ganawileba SeiZleba 
ganxorcieldes Tanasworad. 
- Tu cnobilia procesis Sefaseba, maSin cdomilebaTa ganawileba iTvleba 
normalurad, romelic iZleva saSualebas SevajamoT elementaruli sistemuri cdo-
milebebi. 
rac Seexeba SemTxveviTi cdomilebebis Sejamebas, igi dafuZnebulia mdgomareobis 
albaTobis TeoriasTan da emyareba realurobis SemTxvevaSi mis maTematikur gaangari-
Sebebs. magram aRsaniSnavia, rom sistemuri da SemTxveviTi cdomilebebis Sejamebis 
meqanizmi mkveTrad gansxvavdeba calke aRebuli SemTxveviTi cdomilebebis meqanizmisagan, 
vinaidan sistemaSi mravaljeradi gazomvebis dros SemTxve-viTi cdomilebebis raodenobac 
mkveTrad mcirdeba da SeiZleba maTematikuri gaangariSebebis dro maTi gamoricxvac. 
 
3. daskvna 
       dasasruls unda aRiniSnos, rom sistemuri gazomvebis dros aucilebelia 
ganxorcieldes gazomili Sedegebis damuSaveba da winaRobaTa jamuri cdomilebebis 
gaangariSe-ba,  romlis drosac gazomvis jamuri cdomileba miiReba SemTxveviTi da 
sistemuri cdomilebebis SejamebiT, rome-lic Sedgeba gazomili Sedegebis ZiriTadi da 
damatebiTi cdomilebebisagan, sadac miRebuli Sedegebidan aucileb-lad gamoikveTeba 
Sedegi, rom sistemuri cdomileba mkveTrad unda aRematebodes SemTxveviT cdomilebebs. 
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ASPECTS OF MEASURING ELEMENTS AND METODO-TOTAL ERRORS  
IN METROLOGICAL RESEARCHES 
Garsevanishvili Izolda, Padiurashvili Vladimer,  
Padiurashvili Zaza 
 
The Georgian Technical University 
Summary 
Analyzed are aspects of measuring elements and those of method-summarized errors in 
metrological researches.In case of measurements and control, a test is considered as experimental 
measurements of quantitative and qualitative factors of properties of an object that are conducted 
by means of specific instruments.It has to be mentioned, that real test conditions are always 
different from the nominal ones, thus acquisition of absolutely accurate data is often involving 
great difficulties. Reviewed are types of errors and their factors, as well as methods of calculating 
errors and conditions required for data summarizing.  
 
АСПЕКТЫ ИЗМЕРИТЕЛЬНЫХ ЭЛЕМЕНТОВ  И МЕТОДО-СУММАРНЫХ ПОГРЕШНОСТЕЙ 
В  МЕТРОЛОГИЧЕСКИХ ИССЛЕДОВАНИЯХ 
Гарсеванишвили И., Падиурашвили В., Падиурашвили З. 
Грузинский Технический Университет 
Резюме 
Рассматриваются аспекты измерительных элементов и методо-суммарных 
погрешностей в  метрологических исследованиях. В случае измерений и контроля под 
испытанием подразумевают экспериментальные измерения специальными средствами 
качественных и количественных показателей свойств объекта. Надо отметить, что реальные 
условия испытаний всегда отличаются от номинальных, поэтому получение абсолютно 
точных данных всегда связано с большими трудностями. Рассмотрены виды погрешностей и 
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ONE APPROACH TO SUPPLY CHAIN OPTIMIZATION FOR  
DECISION MAKING  
Tsertsvadze Maka, Meparishvili Badri, Janelidze Gulnara  
 Georgian Technical University  
Abstract  
This paper presented a study of evolutionary programming for the optimization of a supply 
chain network management. Decision making in distribution management and logistics is often based 
on collective behavior modeling of multi-agent systems. The supply chain was modeled as agent-
based system for optimization of costs related to stocking, manufacturing, transportation and shortage. 
This is dynamic task, especially in a supply chain network that is becoming increasingly demanding, 
with customers expecting their products to be delivered as quickly as possible and according to their 
exact specifications. The main goal of this paper is to describe some views of multi-agent systems 
behavior modeling. The key technologies, which  are based on the paradigm usually called Collective 
Intelligence  of agent swarm, in which the system properties emerge from local interactions between 
elementary actions of single agents.  
Keywords: multi-agent systems. Ccollective behavior. Multi-objective optimization. 
1. Background 
Information technology solutions such as decision support systems based on simulation and 
optimization systems are indicated as the way to directly support decision making on Supply Chain 
Management. Group control of reconfigurable agent networks is fundamentally a difficult problem, 
which can be based on use of principles of evolutionary programming in a monitoring and collective 
control within a studied area. Supply chain management can include factors relating to inventory, 
materials and production planning too in its concept. Logistics management is a part of the supply 
chain management that plans and implements the flow and storage of goods, services in order to meet 
the demands of the consumers. Supply chain network management takes care of the design, planning, 
execution, control, and monitoring of supply chain activities with the sole objective of creating net 
value and leveraging worldwide logistics. On the other hand logistics can be simply defined as the 
management of the flow of goods and the services between the point of origin and the point of 





Generally in logistics we have to deal with distributed systems. To support the demanding 
management task the multi-agent approach offers promising perspectives. The theory of distribution 
management, based on a multi-agent concept, can be applied for the planning and control of 
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distributed systems in which a larger number of actors (individuals) and agents (software objects) have 
to take decisions. System control as we have in mind for logistics systems embedded in a dynamic 
supply chain network is a management task. Our envisaged application field is logistics. We define 
logistics as the control of material, capital and information flow within an enterprise in view directed 
towards their global goals. As to their formal structure logistics systems have a lot of similarities. The 
purpose of the system is well defined, the goals are specified on a strategic and operational level. As to 
material, information and capital flow within the system their routing has to follow given directives. 
The logistics system is embedded in a dynamic supply chain network, where a permanent interaction 
between the logistics system and the supply chain network takes place.  
We are interested only in agent-based management system as decision support tool, where 
agents in this tool propose solutions to well-defined decisions or take even decisions autonomously as 
far as decision competence is delegated to agents. The link of the management system with its 
logistics system to control can be realized in two ways, either to a representation in a simulation model 
or directly to the real world system.  
2. Related Work 
In this section we discuss collective agents, where researcher have attempted to think up ways to 
let agents cooperate with each other. A very concrete physical application area of collective 
intelligence is collective agents. We look at three different (partially overlapping) areas of interest 
within collective agents: swarm agents that takes the concept of swarming as its inspiration, 
evolutionary agents that takes evolution as the mechanism for adaptability in agents, and behavior-
based agents where agents are programmed on the behavioral level.  
Unfortunately unique approach to a problem of collective agents behavior modeling is not yet 
formed because of applied diversity. Provisionally, a swarm system can be defined as a collection of 
autonomous agents interacting with one another directly and locally, or indirectly (via changes in the 
supply chain network), and which collectively solve some distributed problem.  
One distinguish two types of multi-agents controls: swarm and collective. Swarm control 
strategy, based on a Leader-Followers structure, assumes, that the members of group are not related 
one to others  informational, whereas collective control means, that objects of group have the 
possibility of information exchange between them. Conditionally difference by completeness of 
information (few or much) between swarm and collective can be represented as (Figure 2): 
 
Figure 2 
3. Problem formulation 
In this section we give a brief description of the two supply chain decisions strategies (a 
centralized one and a decentralized one) dedicated for two different types of the behavior. In 
centralized strategies, there exists a single agent that manages the agents. As regarding decentralized 
strategies, management responsibilities are divided among the agents. As advantage of centralized 
group management strategy we can consider the simplicity of organization and algorithmization. 
However, this type of management is more applicable in cases of stationary structured supply chain 
network. Further, casual death of dispatching will become the cause of entire systems failure.    
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This section presents a formalization of the supply chain network agents collective decision 
making problems complexity estimation. The current state of  integrated  system “Agent group - 
Supply chain network” is a tuple [2]: 
                                    )(),(),(),()( tDtTtBtAtS                      (1) 
where there is a group A of N agents 
iA ),1( Ni   functioned  in supply chain network B.   
We can define the complete group of agents A under study as the vector-function: 
                                            ))(),...,(),(()( 21 tAtAtAftA Na .              (2) 
where N is the number of agents. 
The condition of supply chain network around the agent AAi   at time t, generated by the 
stochastic demands (orders),  can be determined by the vector-function: 
                                                   ))(),...,(),(()( 21 tBtBtBftB NE .                  (3) 
where the elements )(tBi  are the values of parameters of supply chain network defined by agents. 
The problem solution of  tasks distribution between agents AAi  , ),1( Ni   is related to the 
information of targets as set of effectiveness estimation 
ild  to make decisions )(tDi  by iA  agent. 
The total executing supply chain network  management action as collective decision making processes 
for agent group will be 







),()(                                                           (4) 
The current state of supply chain network  management on interval  ],[ 0 ftt  consists in 
determination of functional estimating the quality of group management   





            (5) 
with respect the conditions (that the states of supply chain network, supply chain network 
configuration and  agent group management actions). 
The main problem  of supply chain network  management consists in determination such set of 
management  parameters { ild } for agents iA  on interval  ],[ 0 ftt  (where 0t  – initial point of 
time or before functioning of group A and ft  – final moment of functioning of group A), when the 
extremum of function (6), estimating the sum of weight coefficients or of effectiveness {
ild } between 
every pair of subtask lT ),1( Ml   and  agent iA  ),1( Ni  as quality of collective decision,  
will be realized 






lidtQ           (6) 
with the requirements that the demand at each customer has to be satisfied. 
In conclusion we can add, that collective management is always decentralized.  
 
4. Metrics of Agent Group Behavior 
In this section, we propose a number of metrics to evaluate the quality of multi-agent system 
behavior from viewpoint of optimization. Hence, we define some number of metrics such as order and 
entropy, which will help us in evaluation of performance of the swarming behavior. Further, they will 
be utilized in comparing the performance of different behaviors achieved through setting agent 
parameters or sensing characteristics to different values than the default ones.   
In general, order, entropy and average angular velocity metrics are defined to measure the 
alignment, positional order and energy consumption of the agent group, respectively. The average 
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forward velocity metric is also utilized as a secondary measure of the energy consumption, and is 
more convenient to use in some cases. Order (coherence or synergy) measures the angular order of the 
agents. Entropy measures the positional disorder of the particle swarm. Entropy is used in a number of 
classical approaches to clustering, as a means to drive the clustering process. This metric is calculated 
by finding every possible cluster combination, finding Shannon’s information entropy of these clusters 
and then sum them up. We consider as metrics the rate of certain contradiction or collision between 
the vectors of control actions [3]. Each agent )(tAi defines its own vector of control action, when the 
given extremum of functional will be realized. In the end of the section, from viewpoint of multi-
objective or vector optimization , we can note, that this kind of problems can be resolved successfully 
using Artificial Intelligence techniques.  
In the case of Artificial Neural Network method application, we are required to calculate the 
estimation of  the weight coefficients of the neural synapses )(twi  each agent iA as [4]:  













                                                      (7) 














)()()()()(                                      (8) 
 
And finally we introduce  the formulation of entropy, an application of Shannon’s information 
entropy metric to agent groups that provides a quantitative measure of agent group collective behavior 
[5]. 

























(                                      (9) 
 
5. Supply chain optimization technique 
 
In this section, we propose Particle swarm optimization (PSO) as a new population based 
optimization technique,  which can find very good solutions efficiently and effectively in a virtual 
search space. The original PSO algorithm is discovered through simplified social model simulation.  
According to the literatures overview, it’s easy to know that the canonical PSO model consists 
of a swarm of particles, which are initialized with a population of random candidate solutions. Each 
particle has a position represented by a position-vector ix  (i is the index of the particle), and a velocity 
represented by a velocity-vector iv [6].  
The swarm is defined as a set:  NxxxX ,,, 21  , of N particles or individuals (candidate 
solutions), defined as:  
NiAxxxx Tiniii ,,2,1,),,,( 21    
where   A is the searching space. 
The particles are assumed to move within the search space, A, iteratively. This is possible by 
adjusting their position using a proper position shift, called velocity, and denoted as:  
Nivvvv Tiniii ,,2,1,),,,( 21    
Velocity is also adapted iteratively to render particles capable of potentially visiting any region 
of A. If  t denotes the iteration counter, then the current position of the i-th particle and its velocity will 
be henceforth denoted as )(txi  and )(tvi , respectively. Velocity is updated based on information 
obtained in previous steps of the algorithm.  
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This is implemented in terms of a memory, where each particle can store the best position it has 
ever visited during its search. For this purpose, besides the swarm, X, which contains the current 
positions of the particles, PSO maintains also a memory set:  
 NPPPP ,,, 21   
which contains the best positions:   
NiAPPPP Tiniii ,,2,1,),,,( 21     
ever visited by each particle. 
These dynamic parameters are defined as:  
))(())(()()1( 2211 txPrctxPrctvtv ijgjijijijij     (10) 
)1()()1(  tvtxtx ijijij  (11) 
njNi ,,2,1,,,2,1    
where t stands for the iteration counter;  
          1r   and  2r  are random variables uniformly distributed within [0,1];  
1c , 2c  are weighting factors, also called the cognitive and social parameter, respectively.  
At each iteration, after the update and evaluation of particles, best positions are also updated. 
Thus, the new best position of  













)1(                   (12) 
Based on the PSO paradigm, dynamic behavior of multi-agent system, cooperatively managing 
a supply chain network, each particle can apperceive the “Agent group - Supply chain network” state 
and make some decisions to modify its behavior intelligently. Each of  particles represents a potential 
solution (or decision of multi-target distribution) to an optimization problem. The goal of algorithm is 
to converge to the global  (over the search space ) or local (into the particular cluster) optimum of a 
target function.   
The presented approach is a distributed algorithm that partitions the supply chain network into  
a set of locally clusters. This is achieved by deriving a set of weight coefficient or estimation of 
effectiveness 
ild  between every pair of subtask lT  ),1( Ml   and  agent iA , ),1( Ni   within 
the locality of each subset for selecting the best node of its neighborhood to become its leader. We 
envisage every the values of decision or management )(tDi  as the “velocity” of each particle in given 
iteration. Moreover, the each pace is varied inversely of particular velocity.    
 
6. Conclusion 
This work is motivated by the idea that supply chain network management and logistics, should 
be realized by the distributed  multi-agent  systems. Relevance of problems is particularly pointed by 
the supply chain network dynamism of the shape of fitness function landscape, which consists of a 
number of peaks of changing with and height and in stochastic processes.  
We have discussed the behavioral modeling of multi-agent systems, especially the case of 
decentralized collective management strategy, when each agent defines its own vector of decisions 
singly with a glance of its own position, the state of supply chain network, and the control actions of 
others agents, that is  agent group make decision cooperatively. Entropy based metric to agent groups 
behavior has discussed. 
From viewpoint of multi-objective optimization  in multi-agent systems, it was noted, that this 
kind of problems can be resolved successfully using PSO techniques, including Artificial Neural 
Network method. 
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gadawyvetilebis miRebisaTvis miwodebis jaWvis  
optimizaciis erTi meTodis Sesaxeb 
maka cercvaZe, badri mefariSvili da gulnara janeliZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba evoluciuri daprogramebis sakiTxi miwodebis jaWvis qselis menejmentis 
optimizaciisTvis. gadawyvetilebis miReba logistikasa da marTvaSi ganawilebiT xSirad 
emyareba multi-agenturi sistemebis koleqtiuri qcevis modelirebas. miwodebis jaWvi 
modelirebuli iqna, rogorc agentze orientirebuli sistema im xarjebis optimizaciis-
Tvis, romelic ukavSirdeba momaragebas, warmoebas, transportirebas da deficits. es 
dinamikuri amocanaa, gansakuTrebiT miwodebis jaWvis qselSi, romelzec sul ufro metad 
izrdeba moTxovna momxmareblebis mxridan. maT surT miiRon produqcia SeZlebisdagvarad 
swrafad da saTanado teqnikuri pirobebis Sesabamisad. statiaSi aRwerilia garkveuli 
midgomebi multi-agenturi sistemebis qcevis modelirebasTan dakavSirebiT. ZiriTadi 
teqnologiebi, romlebic emyareba paradigmas, egreT wodebul agentTa gundis koleqtiur 
inteleqts, romelSic sistemuri Tvisebebebi gamovlindeba lokalur urTierTobebSi 
calkeuli agentebis elementarul qmedebebs  Soris. 
 
ПОДХОД К ОПТИМИЗАЦИИ ЦЕПЕЙ ПОСТАВОК ДЛЯ  
ПРИНЯТИЯ РЕШЕНИЯ 
Церцвадзе М., Мепаришвили Б.,  Джанелидзе Г. 
 Грузинский технический университет  
Резюме 
Представлено исследование эволюционного программирования для оптимизации 
управления сетью цепей поставок. Принятие решения в управлении распределением и 
логистике часто основано на моделирование коллективного поведения систем мультиагента. 
Цепь поставок была смоделирована как агентно-ориентированная система для оптимизации 
затрат, связанных со снабжением, производством, транспортировкой и дефицитом. Это - 
динамическая задача, особенно в цепи системы поставок, к которой все более и более 
увеличиваются требования клиентов, ожидающиx, что их продукты будут поставлены в срок по 
мере возможности. Главная задача описать некоторые представления о моделировании 
поведения систем мультиагента. Ключевые технологии, которые обычно основаны на парадигме 
под названием Коллективный разум роя агентов, в котором системные свойства появляются из 
местных взаимодействий между элементарными действиями единичных агентов. 




monacemTa bazis logikuri sqemis damuSaveba  
biznesprocesebis kompiuteruli marTvisaTvis 
Teimuraz suxiaSvili. irakli SurRaia 
saqarTvelos teqnikuri universiteti 
reziume 
obieqt-orientirebuli sistemebis ZiriTad samSeneblo bloks warmoadgens obieqti - 
klasi. amitom biznes-procesebis marTvis kompiuteruli sistemebis damuSavebisas, imisaTvis, 
rom uzrunvelyofili iyos funqcionaluri moTxovnebis efeqturi Sesruleba da amave dros, 
arafunqcionaluri moTxovnebis (gamoyenebis moxerxebuleba, saimedooba, warmadoba, 
usafrTxoeba) srulad dakmayofileba, didi mniSvneloba aqvs klasebis gamovlenas, 
movaleobebis racionalur ganawilebas da maT Soris realuri mimarTebebis dadgenas. 
statiaSi ganixileba universitetis biznesprocesebisTvis monacemTa bazis logikuri sqemis 
dadgenis saSualeba, romelic eyrdnoba racionaluri unificirebuli procesis (RUP) 
farglebSi modelirebis unificirebuli enis (UML) gamoyenebas.  
sakvanZo sityvebi: biznesprocesi. UML. precedentebis diagrama. scenari. komunikacia. 
sinqronizacia. klasi. obieqti.  
1. Sesavali 
monacemTa bazis logikuri sqemis dadgena iwyeba biznesprocesebis analizis etapze. 
safuZvels  amisaTvis warmoadgens precedentebis diagrama (Use case), romelSic asaxulia 
rogorc funqcionaluri, ise arafunqcionaluri (sistemis saimedooba, warmadoba, 
usafrTxoeba) moTxovnebi sistemisadmi. calkeuli precedentebis moqmedebis scenarebis 
(ZiriTadi, alternatiuli) Seswavlisa da analizis safuZvelze unda movaxdinoT ZiriTadi 
abstraqciebis identifikacia, romlebic monawileobs aRniSnul scenarebSi.  
Cveni magaliTi exeba umaRles saswavlebelSi studentTa kursebze registraciisa da 
moswrebis aRricxvis amocanas. `kursebze daregistrirebis” gamoyenebiTi SemTxvevis 
specifikacia ase gamoiyureba:  
dasaxeleba: kursebze daregistrireba. 
mokle aRwera: mocemuli gamoyenebiTi SemTxveva saSualebas aZlevs students daregis-
trirdes SemoTavazebul kursebze mimdinare semestrSi. 
ZiriTadi scenari: 
1. studenti midis dekanatis mosamsaxuresTan da gadascems mas Sevsebul formas kursebze 
registraciisaTvis. 
2. dekanatis mosamsaxure adasturebs formis Sevsebis siswores. 
3. dekanatis mosamsaxure adasturebs, rom studentma Seasrula winaswari moTxovnebi 
yoveli arCeuli kursisaTvis (garkveuli kursebis gavla), aseve Tavisufali adgilebis 
arsebobas. 
4. dekanatis mosamsaxures Seaqvs studentis gvari arCeul kursebis siaSi. 
5. dekanatis mosamsaxure avsebs studentis grafiks kursebze mimdinare semestrSi da 
gadascems mas students. 
alternatiuli scenari:  
2a. arasworad aris Sevsebuli registraciis forma. 
dekanatis mosamsaxure ubrunebs students formas Secdomebis gasworebisaTvis. 
3a. ar aris Sesrulebuli winaswari moTxovnebi an kursi Sevsebulia. 




Tu dekanatis mosamsaxure aRmoaCens, rom students ar Seusrulebia aucilebeli 
winaswari moTxovnebi an mis mier arCeuli kursi Sevsebulia (ukve Cawerilia 10 studenti), 
maSin igi sTavazobs students Seicvalos Tavisi arCevani an waiRos forma da daubrundes 
mas mogvianebiT. 
ZiriTadi (araformaluri) saSualeba arsebis identifikaciisa – es abstraqciebis 
povnaa, romlebic aRweren fizikur an materialur obieqtebs, procesebs da movlenebs, 
adamianTa rolebs, organizaciebs da sxva mcnebebs. erTaderT formalur saSualebaT arsTa 
identifikaciisa aris sagnobrivi sferos teqsturi aRwerilobebis analizi, aRweridan 
arsebiTi saxelebis gamoyofa da maTi arCeva rogorc “kandidatebisa” abstraqciebis rolze. 
yovel arss unda gaaCndes dasaxeleba, gamosaxuli arsebiTi saxeliT mxolobiT ricxvSi. 
Tu mivyvebiT am rekomendaciebs, ganvsazRvravT registraciis sistemisaTvis analizis xuT 
klass studenti(Student), profesori (Professor), saswavlo grafiki (Schedule), kursi 
(Course), SeTavazebuli kursi (CourseOffering).  
movaleobebis gansazRvrisaTvis mocemul etapze klasebs vyofT sami tipis klasebad: 
 mosazRvre klasebi (Boundary) - Suamavlebi gare obieqtebsa da sistemas Soris 
urTierTqmedebisas. rogorc wesi, yoveli wyvilisaTvis `moqmedi piri – precedenti” 
ganisazRvreba erTi mosazRvre klasi.  
 klasebi – arsi (Entity) – dasamuSavebeli sistemis ZiriTadi abstraqciebi (cnebebi). 
klasebi – arsis gamovlenis wyaroebia abstraqciebi, romlebic pasuxs agebs monacemTa 
Senaxvasa da manipulirebaze; 
 mmarTveli klasebi (Control) – uzrunvelyofs obieqtebis qcevis koordinacias 
sistemaSi. SeiZleba ar iyos zogierT precedentSi da SezRudulia martivi manipulaciebiT 
Senaxul monacemebTan. rogorc wesi, yoveli precedentisaTvis ganisazRvreba erTi mmarTveli 
klasi.  
analizis klasebi gamoxatavs sistemisadmi funqciur moTxovnebs da axdens sagnobrivi 
sferos modelirebas. analizis klasebis erToblioba sistemis sawyisi konceptualuri 
modelia. TiToeuli precedentisaTvis unda moxdes masSi monawile klasebis identifikacia 
da gadavanawiloT movaleobebi klasebs Soris. klasebis erToblioba SemTxvevisTvis 
`kursebze daregistrireba” realizebaSi moyvanilia 1-el naxazze.  
 
nax.1 
gamoyofili sami tipis klasebis daniSnulebidan gamomdinare, SesaZlebelia 
davaxasiaToT movaleobebi maT Soris: 
 mosazRvre klasebi pasuxs ageben urTierTqmedebaze sistemis gare samyarosTan (moqmedi 
pirebi – studenti - RegisterForCoursesForm,  kursebis katalogi - CoursesCatalogSystem); 




 klasi arsebi pasuxs ageben monacemTa Senaxvasa da manipulirebaze(Student, Schedule, 
CourseOffering}; 





movaleobebis ufro detaluri ganawileba (klasebis operaciebis saxiT) sruldeba 
urTierTqmedebis diagramebiT. pirvel rigSi igeba diagrama, romelic aRwers monacemTa 
ZiriTad nakads (erTs an ramdenimes) da mis daqvemdebarebul nakadebs. yoveli alternatiuli 
nakadisaTvis igeba calke diagrama. magaliTad: Secdomebis damuSaveba, Sesrulebis drois 
kontroli, arasworad Setanili monacemebis damuSaveba. 
urTierTqmedebis diagramis agebis procesSi  vaxdenT Setyobinebebis Sesabamisobas 
klasebis operaciebTan, ris Sedegadac Cndeba `analizis” operaciebi. analizis klasebis 
atributebi ganisazRvreba sagnobrivi sferos Sesaxeb codnisa da sistemisadmi moTxovnebis 
safuZvelze. klasebs Soris kavSirebi (asociacia) ganisazRvreba kooperaciis diagramebis 
analizis safuZvelze. Tu ori obieqti urTierTqmedebs (cvlian Setyobinebebs), maT Soris 
kooperaciis diagramaze unda arsebobdes kavSiri (urTierTqmedebis gza), romelic 
gardaiqmneba ormimarTulebian asociaciSi Sesabamis klasebs Soris. Tu Setyobinebebi 
romelime obieqtebs Soris gadaicema mxolod erTi mimarTulebiT, maSin Sesabamisi 
asociaciisaTvis iniSneba mimarTulebis navigacia. 
garda amisa, analizdeba da zustdeba asociaciebi klas-arsebs Soris. dgindeba 
asociaciis simZlavre, SeiZleba gamoyenebul iqnas mravlobiTi asociaciebi, agregaciebi, 
ganzogadeba da asociacia klasebi. 
me-3 naxazze naCvenebia klasebis gafarToebuli diagrama precedentisaTvis `kursebze 
daregistrireba” (atributebisa da operaciebis gareSe). asociaciebi mosazRvre da mmarTvel 
klasebs Soris, aseve mmarTvel klasebsa da klas-arsebs Soris Semotanilia kooperaciis 
diagramebis analizis safuZvelze da mdgradi struqturuli (semantikuri) kavSirebi arsebs 
Soris gamoxatavs kavSirebs, romlebic dinamiurad aRiZvreba Sesabamis obieqtebs Soris 
marTvis nakadSi (danarTis muSaobis procesSi). ramdenadac asociaciisaTvis es ar aris 
damaxasiaTebeli, momavalSi(proeqtirebis procesSi)  isini SesaZlebelia gardaiqmnen 
damokidebulebaSi.  
2. ZiriTadi nawili 
monacemTa bazis logikuri sqemis damuSavebis procesi grZeldeba daproeqtebis etapze. 
igi gulisxmobs: saproeqto klasebis detalizirebas, operaciebisa da atributebis 
dazustebas, klasebis mdgomareobebis modelirebas, klasebs Soris kavSirebis dazustebas. 
 
















K 2.1. saproeqto klasebis detalizeba 
yoveli mosazRvre klasi gardaiqmneba klasebis garkveul nakrebSi Tavisi 
daniSnulebidan gamomdinare. es SesaZlebelia iyos momxmareblis interfeisis elementebis 
nakrebi, damokidebuli damuSavebis garemos SesaZleblobebze, an klasebis nakrebi, romelic 
axdens sistemur an aparatul interfeiss. 
klasi – arsi, warmadobisa da monacemTa dacvis mosazrebebidan gamomdinare 
SesaZlebelia daiyos rig klasebad. safuZvels dayofisaTvis warmoadgens klasebSi 
atributebis sxvadasxva sixSiriT an xedviT gamoyeneba. aseTi atributebi, rogorc wesi, 
gamoiyofian calke klasebaT. 
mmarTveli klasebi, romlebic axdens informaciis ubralo gadacemas mosazRvre 
klasebidan arsebze, SeiZleba gaZevebul iqnas. SenarCunebuli iqneba klasebi, romlebic 
asruleben arsebiT samuSaos monacemTa nakadebis samarTavad (tranzaqciebis marTva, 
ganawilebuli damuSaveba da a.S.). 
2.2. atributebisa da operaciebis dazusteba 
klasebis movaleobebi, romlebic ganisazRvra analizis procesSi, „analizis“ 
operaciebis saxiT, gardaiqmneba operaciebSi, romlebic realizebuli unda iyos kodSi. 
amisaTvis, yovel operacias eniWeba mokle saxeli, romelic axasiaTebs mis Sedegs. 
ganisazRvreba operaciebis mTeli signatura (UML enaSi miRebuli notaciis Sesabamisad). 
iqmneba operaciis mokle dasaxeleba, misi yvela parametris Sinaarsis gaTvaliswinebiT. 
iqmneba operaciaTa xilvadoba: public, private an protected. ganisazRvreba operaciaTa moqmedebis 
are: egzemplari (obieqtis operacia) an klasifikatori (klasebis operacia). 
SesaZleblia aRiweros operaciis Sesrulebis algoriTmi (aqtiurobis an 
urTierTqmedebis diagramebiT). 
Tu sistemaSi gvaqvs mdgomareobisagan damokidebuli obieqtebi qcevis rTuli 
dinamikiT, maSin klasebis atributebis dasazusteblad (nax.4), atributis dasaxelebis garda 
mieTiTeba misi tipi da mniSvneloba dumiliT (araaucilebeli). 





atributTa dasaxelebis Sesaxeb, rome-
lic miRebuli iyo proeqtSi da 
realizaciis enaSi. mieTiTeba atribu-
tebis xilvadoba: public, private an 
proteqted. aucileblobis SemTxvevaSi 
ganisazRvreba warmoebuli (gamoTvliTi) 
atributebi. maTTvis SesaZlebelia 
avagoT modeli, romelic aRwers 
obieqtis mdgomareobebs da gadasvlebs 
maT Soris. es modeli aisaxeba 




2.3. klasebs Soris kavSirebis dazusteba 
proeqtirebis procesSi kavSirebi klasebs Soris (asociacia, agregacia da ganzogadeba) 
moiTxovs dazustebas. asociacia mosazRvre da mmarTvel klasebs Soris gamoxataven 
kavSirebs, romlebic dinamiurad ariZvrebian Sesabamis obieqtebs Soris marTvis nakadSi. 
aseTi kavSirebisaTvis sakmarisia uzrunvelvyoT klasebis xedva, amitom isini gardaiqmnebian 
damokidebulebaSi. Tu zogierTi asociaciisaTvis ar aris aucilebeli ormimarTulebiani 
kavSirisa, maSin Semoitaneba navigaciis mimarTuleba. agregaciebi, romlebsac aqvT 
kompoziciis Tvisebebi, gardaiqmnebian kompoziciur kavSirebSi. 
kavSirebis gardaqmnis magaliTi moyvanili rekomendaciebis Sesabamisad klasebisaTvis 
precedentidan „kursebze daregistrireba“ moyvanilia me-5 naxazze. asociacia mmarTvel da 
mosazRvre klasebs Soris gardaiqmna 
damokidebulebaT. agregacia klasebs 
Soris Student da Schedule flobs 
kompoziciis Tvisebas. navigaciis 
mimarTuleba asociaciebze klasebs 
Soris Schedule da CourseOffering 
Semotanilia Semdegi mosazrebebiT: ar 
aris aucilebeli grafikebis cxrilis 
miReba, romlebSic aris romelime 
kursi; grafikebis raodenoba 
SedarebiT cotaa konkretuli 










monacemTa bazis damuSavebis moyvanili saSualeba uzrunvelyofs biznes-procesebis 
marTvis iseTi sistemis Seqmnas, romliTac srulad iqneba realizebuli funqcionaluri da 
arafunqcionaluri moTxovnebi. 
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DEVELOPMENT OF THE LOGICAL SCHEME OF THE DATABASE FOR COMPUTER 
MANAGEMENT OF BUSINESS PROCESSES 
   Sukhiashvili Teimuraz, Shurgaia Irakli 
Georgian Technical University 
Summary 
The main building construction unit of object-oriented systems represents object - a class. 
Therefore developing computer systems of management of business processes in order that provide 
effective implementation of all functional requirements and at the same time full satisfaction 
nonfunctional (usability, reliability, a productivity, safety) the requirement, definition of classes, rational 
distribution of duty and establishment of the real relations between them is of great importance. In article 
the way of establishment of the logical scheme of the database for business process (registration of 
students in higher educational institutions on courses and the accounting of progress) within the rational 
unified process (RUP) with use of the unified language of a modeling (UML) is offered. 
 
РАЗРАБОТКА ЛОГИЧЕСКОЙ СХЕМЫ БАЗЫ ДАННЫХ ДЛЯ КОМПЪЮТЕРНОГО 
УПРАВЛЕНИЯ БИЗНЕС-ПРОЦЕССОВ 
Сухиашвили Т., Шургая И. 
Грузинский Технический Университет 
Резюме 
Основным строительным блоком объектно-ориентированных систем явпяется объект - 
класс. Поэтому разрабатывая компьютерные системы управления бизнес-процессов, для того, 
чтобы обеспечитъ эффективное выполнение всех функциональных требований и при этом 
полностю удовлетворить нефункциональные (удобство использования, надежность, 
производитепьность, безопасность) требования, имеет большое значение определение классов, 
рациональное распределение обьязанностей и установление реальных отношений между ними. 
В статье предлагается способ установления логической схемы базы данных дпя бизнес-
процесса(регистрация студентов в высших учебных заведениях на курсы и учет успеваемости) в 
рамках рационального унифицированного процесса(RUP) с использованием унифицированного 
языка моделиривания (UML). 
 




evoluciuri algoriTmebi informaciis dacvis  
amocanebSi 
gulnara janeliZe, badri mefariSvili 
saqarTvelos teqnikuri universiteti 
rezume 
qseluri Tavdasxmebis mudmivad cvalebadi xasiaTi moiTxovs moqnili dacvis sistemis 
Seqmnas, romelsac eqneba qseluri trafikis didi moculobis gaanalizebis unari. 
informaciis dacvis inteleqtualuri sistemebis organizebisTvis sabazoa neironuli 
qselebi. msgavsma sistemebma unda uzrunvelyos avtomaturi da operatiuli reaqcia dasacavi 
sistemis mowyvladobis xasiaTis an safrTxeTa sivrcis cvlilebisas, rasac mivyavarT  
informaciis dacvis sistemebSi evoluciuri meTodebis gamoyenebasTan. SemoTavazebulia 
genetikuri algoriTmis gamoyenebiT neironuli qselis kavSirebis wonebis optimizaciis 
amocanis gadawyveta, qselis rogorc ucvleli topologiis, aseve Sesabamisobis funqciis 
mixedviT cvalebadi topologiis SemTxvevebisTvis. 
sakvanZo sityvebi: genetikuri aloriTmi. neironuli qseli. wonebis optimizacia. 
1.DSesavali 
qseluri resursebis usafrTxoebis amocanebis gadasawyvetad sakmaod efeqturad 
gamoiyeneba neironuli qselebis meTodi. neironuli qselebi saxeTa Secnobisa da 
klasifikaciis sxvadasxva praqtikuli amocanis amoxsnis saSualebas iZleva. am meTodis 
upiratesobaa, rom maT SeuZliaT avtomaturad moipovon codna ganswavlis procesSi da 
aqvT ganzogadebis unari. qselis ZiriTadi elementia xelovnuri neironi – biologiuri 
nervuli ujredis  maTematikuri modeli[1]. 
neiroqselebis ganswavlis modulis ZiriTadi amocanaa xarisxianad ganswavluli 
qselis momzadeba Tavdasxmis amosacnobad. operatori, romelic muSaobs mocemul modulTan 
ganiwavlis neironul qsels  da aanalizebs qselis parametrebs ganswavlis Semdeg, ris 
safuZvelzec akeTebs misi mimdinare mdgomareobis Sefasebas.  neiroqselebis ganswavlis 
programasTan muSaobis damTavrebis Semdeg, operatori inaxavs qselis mimdinare maCveneblebs, 
romlebic Semdgom gamoyenebuli iqneba mocemuli qselis gansaaxleblad qseluri trafikis 
analizatorSi. 
Tanamedrove periodSi mraval antivirusul utilitaSi, qseluri daculobis analizis 
programebSi, SeimCneva xelovnuri inteleqtis teqnologiebis gamoyenebis masStabebis zrdis 
tendencia. amas xels uwyobs masSi ganswavlis SesaZleblobebis arseboba, xelovnuri 
inteleqtis meTodebis aqtiuri ganviTareba, qseluri safrTxeebis ricxvisa da sirTulis 
zrda. 
2. ZiriTadi nawili 
ganvixiloT informaciuli usafrTxoebis praqtikul amocanaSi neironuli qselis 
gamoyenebis magaliTi, sadac neironuli qselis saSualebiT saWiroa monacemTa bazaze 
wvdomis deteqtireba romelime programuli uzrunvelyofidan an anomaliis gansazRvra 
momxmareblis muSaobaSi. neironul qsels aqvs oTxi Sesasvleli, romelTagania:  
- informaciis moculoba, romelic CaitvirTeba monacemTa bazidan sakontrolo 
periodis ganmavlobaSi. miRebuli mniSvneloba unda iqnas normalizebuli, ramdenadac 
monacemTa bazidan wakiTxuli moculoba winaswar ar aris cnobili da individualuria 




calkeuli amocanisaTvis da calkeuli momxmareblisaTvis. normalizaciis saxiT SeiZleba 
gamoyenebul iqnas trafikis Sefaseba aTquliani skaliT, anu 0 aRniSnavs, rom moculoba 
nulis tolia, 10 aRniSnavs trafikis maqsimalur moculobas;  
- wuTSi tranzaqciis raodenoba; 
- wuTSi monacemTa modifikaciis operaciis raodenoba. am magaliTSi avtomatizebuli 
muSa adgili iyenebs mokle tranzaqciebs, anu erTi tranzaqciis CarCoSi Cveulebriv SeiZleba 
iyos monacemebis modifikaciis 1-2 operacia; 
- monacemTa bazebis leqsikonze mimarTvis niSnebi. umetesoba klientis 
avtomatizebuli muSa adgili leqsikons ar mimarTavs. rac ganasxvavebs maT damuSavebebis 
saSualebebisa da administrirebisagan. niSnebi iqneba diskretuliL 0 – ar aris mimarTva, 1- 
aris mimarTva, da maT eqnebaT ramdenime - calkeul cxrils TiTo, bazis leqsikoni. mocemul 
magaliTSi gamoiyeneba pirdapiri ganvrcobis orfeniani neironuli qseli, romelic Seicavs 
ori neironisagan Semdgar erT farul fenas da gamomaval fenas erTi neironiT (nax.1). 
 
nax.1. orfeniani neironuli qseli 
neironuli qselis gamosasvleli SeiZleba iqnas interpretirebuli rogorc mimdinare 
qmedebebis xakeris moqmedebebTan procentuli Sesabamisoba. aseTive xerxiT SeiZleba iqnas 
organizebuli sxvadasxva Tavdasxmis gansazRvra da axali tipis safrTxeTa mimarT 
adaptacia. 
informaciis dacvis inteleqtualuri sistemebis organizebisTvis sabazoa neironuli 
qselebi. arsebul eqspertul sistemebSi neironuli qseli gamoiyeneba Semosuli 
Setyobinebebis filtraciisaTvis, eqspertuli sistemebisaTvis damaxasiaTebeli mcdari 
Sedegebis raodenobis Semcirebis mizniT. mxolod, Tu ganswavlis Semdeg neironulma qselma 
daiwyo axali Tavdasxmebis identificireba, maSin eqspertuli sistemis codnis baza unda 
ganaxldes. winaaRmdeg SemTxvevaSi axali Semotevebi mis mier iqneba ignorirebuli, vinaidan 
axali safrTxeebis Secnoba SeuZlebeli iqneba Zveli wesebis mier [1,2].  
neironuli qselis bazaze organizebul informaciis dacvis sistemas aqvs trafikis 
damuSavebis da gaanalizebis unari Semosuli informaciis borotad gamoyenebis arsebobis 
SemTxvevaSi. Tumca neironuli qselebis ZiriTadi nakli aris analizis Sedegebis formirebis 
gaumWvirvaloba. mxolod hibriduli, rogoricaa neiro-eqspertuli an neiro-aramkafio 
sistemebis gamoyeneba iZleva saSualebas neironuli qselis struqturaSi cxadad gamoisaxos 
If (piroba) – Then (qmedeba) wesebis sistema. aRniSnuli wesebi  avtomaturad koreqtirdeba 
neironuli qselis ganswavlis procesSi. neironuli qselebis adapturobis Tvisebas unari 
aqvs aramarto amoxsnas safrTxis identifikaciis da momxmareblis qcevis sistemaSi arsebul 




SablonebTan Sesabamisobis amocana, aramed avtomaturad gaukeTos formireba axal wesebs 
safrTxis velis Secvlisas.  
evoluciuri meTodebi gamoiyeneba mravalparametriani optimizaciis amocanebis 
gadasawyvetad. rogorc wesi msgavs SemTxvevebSi funqcia SeiZleba gamovsaxoT Semdegi saxiT: 
𝑓(𝑥1,𝑥2,……𝑥𝑛), sadac n parametrebis raodenobaa. napovni unda iqnas mocemuli funqciis 
globaluri maqsimumi an minimumi. informaciis dacvis inteleqtualurma sistemam unda 
uzrunvelyos avtomaturi da operatiuli reaqcia dasacavi sistemis mowyvladobis xasiaTis 
cvlilebisas an safrTxis velis cvlilebisas, rasac mivyavarT  codnis bazis 
dinamikurobidan gamomdinare informaciis dacvis sistemis adaptaciis amocanis 
gadawyvetasTan.  
inteleqtualuri saSualebebis manqanuri ganswavlis evoluciuri midgoma efuZvneba 
bunebrivi gadarCevis da genetikis gamoTvliT modelebs. evoluciuri gamoTvlebis meTodebi 
moicaven: genetikur algoriTmebs, evoluciur strategiebs da genetikur programirebas. 
yvela am meTodiT SesaZlebelia evoluciis modelireba gadarCevis, mutaciis da 
mwarmoeblurobis gamoyenebiT.  
informaciis dacvis neiroqseluri sistemebisaTvis evoluciuri meTodebi da kerZod, 
genetikuri algoriTmebi gamoiyeneba neironuli qselis ganswavlisas Secdomebis 
minimizebisaTvis. genetikuri algoriTmebi rogorc rTuli sistemebis optimizaciis meTodi 
mniSvnelovan interess iwvevs neiroqselur TematikasTan mimarTebiT. genuri algoriTmebis 
cnobili meTodebi, romlebic gamoiyeneba neironuli qselebis ganswavlisaTvis 
neironTaSoris kavSirebis wonebis optimizaciis gziT, SeiZleba daiyos: qselis ucvleli 
topologiisas kavSirebis wonebis optimizaciis meTodebad da mocemuli Sesabamisobis 
funqciis mixedviT cvalebadi topologiisas kavSirebis wonebis optimizaciis meTodebad.   
tipiuri genetikuri algoriTmi neironuli qselis kavSirebis wonebis 
optimizaciisaTvis moicavs Semdeg etapebs: qromosomas kodireba; Sesabamisobis funqciis 
gansazRvra, romlis mixedviTac ganxorcieldeba calkeuli neironuli qselis gadarCeva 
misi evoluciis procesSi;  evoluciis modelirebisaTvis genetikuri operatorebis SerCeva, 
rogoricaa: TanakveTa, inversia, mutacia [3]. dasawyisSi vnomravT neironuli qselis kvanZebs, 
Semavali fenidan dawyebuli da mis topologias warmovadgenT kavSirebis kvadratuli 
matricis saxiT, romlis striqonebis(svetebis)  raodenoba neironuli qselis kvanZebis 
raodenobis tolia. amasTan matricis TiToeuli elementi Seesabameba calkeul 
neironTaSoris kavSirs da kavSiris wonis mniSvnelobis tolia. Tu neironTa Soris  kavSiri 
ar aris, maSin matricis elementis mniSvneloba nulis tolia (nax.2).  
mocemul SemTxvevaSi genebis rangSi SeirCeva kavSirebis wonebis mniSvnelobebi, 
romlebic asocirdebian formaluri neironebis SesasvlelebTan. qromosoma warmoadgens 
wonebis jgufs, romlebic miiReba wonebis matricis calkeuli striqonis mniSvnelobebidan. 
genetikuri operaciebis rangSi gamoiyeneba: TanakveTa da mutacia. TanakveTis Sedegad miiReba 
Svili qromosomas wyvili ori mSoblidan SemTxveviT arCeuli erTsaxeliani genis gacvlis 
gziT. mutaciis operatori axdens qromosomas genis(wonis) Canacvlebas mocemuli 
diapazonidan SemTxveviT aRebuli woniT. 
 













nax.2. genetikuri algoriTmi neironuli qselis kavSirebis  
wonebis optimizaciisaTvis 
calkeul evoluciur ciklSi gamoiTvleba neironuli qselis gamosasvlelebis 
mniSvnelobebi da Sesabamisobis funqciebi. qromosomas gadarCeva Semdgom populaciaSi xdeba 
Sesabamisobis funqciis mixedviT. Semdgom xorcieldeba momdevno evoluciuri mcdeloba 
manam, sanam  Tundac erTi qromosoma ar daakmayofilebs neironuli qselis ganswavlaSi 
dasaSvebi Secdomebis moTxovnebs.  
analogiurad genetikuri algoriTmebis gamoyenebiT SesaZlebelia neironuli qselis 
topologiis optimizacia, anu qselSi neironebis da neironTaSorisi kavSirebis optimaluri 
ricxvis SerCeva.  SevadginoT qselis kavSirebis matrica, romlis calkeuli elementi 
aRvniSnoT 0-iT Tu neironul qselSi kavSiri ar aris, xolo 1-iT  - winaaRmdeg SemTxvevaSi. 
qromosoma warmoiqmneba kavSirebis matricis striqonebis mimdevrobiTi gaerTianebis gziT. 
evoluciuri procesi moicavs Semdeg etapebs: 
1. sawyisi populaciis formireba, anu mocemuli intervalidan airCeva sawyisi 
genotipebis winaswar gansazRvruli raodenobis SemTxveviTi mniSvnelobebi;  
2. sawyisi amonaxsnebis Sefaseba. igi gansazRvravs saxeobis sicocxlisunarianobas 
momdevno iteraciaSi; 
3. saxeobaTa ranJireba. rac iTvaliswinebs sortirebis Sedegebis Sesabamisad yoveli 
saxeobisaTvis rangis miniWebas;  
4. krosoveri. am etapze xdeba liderTa jgufis saxeobaTa dawyvileba rangis 
Sesabamisad.  yoveli wyvilisaTvis saukeTeso wyvetis wertilis povnis TvalsazrisiT xdeba 
Sidawyviluri gadarCevis cikli, romlis drosac wyvilTa nawilebi jvaredinad Seicvleba 
anu miiReba STamomavlobis SesaZlo variantebi, romlebic Sefasdeba miznobrivi funqciis 
mixedviT. Sida ciklis Sedegad ganisazRvreba saukeTeso Sejvareba da ori STamomavali. 
Tumca, Tu STamomavalTa funqciuri Sefaseba mSobelTa Sefasebaze uaresi aRmoCnda, maSin 
maT mieniWebaT mSobelTa Sefaseba; 
5. daxarisxeba. Catarebuli genetikuri operaciebis Semdeg kvlav xdeba saxeobaTa 
sortireba klebis mixedviT, romlis drosac gamoikveTeba lideri maqsimaluri Semgueblobis 
unariT;  
6. algoriTmis dasruleba. mocemul etapze mowmdeba lideris funqciuri mniSvneloba. 
Tu momdevno iteraciaze lideris funqciuri mniSvneloba izrdeba, maSin gadavdivarT 
momdevno etapze. Tu lideris funqciuri mniSvneloba aRar ganicdis zrdas an piriqiT 
iwyebs klebas, maSin gadavdivarT mocemuli saxeobis mutaciaze. Tu mutaciis meSveobiT 
miznobrivi funqciis mniSvneloba ar gaizarda, maSin algoriTmi amTavrebs muSaobas. rac 
niSnavs rom optimaluri amonaxsni miRebulia. unda aRiniSnos, rom ramodenime iteraciis 




Semdeg populaciis wevrebi mniSvnelobaTa erT areSi ganTavsdebian, es aris optimumis are, 
saidanac moxdeba optimaluri amonaxsnis amorCeva.  
3. daskvna 
 yovelive zemoaRniSnulidan gamomdinare xelovnuri inteleqtis meTodebis gamoyeneba 
qseluri sistemebis dacvisaTvis metad aqtualuria. genetikuri algoriTmebi warmoadgenen 
inteleqtualuri saSualebebis, kerZod neironuli qselebis woniTi kavSirebis adaptirebadi 
parametrebis optimizaciis efeqtur saSualebas. zogierTi ganxiluli meTodi SeiZleba 
jerjerobiT naklebad aris gamoyenebuli, magram cxadia, rom maT aqvT didi perspeqtivebi 
qseluri usafrTxoebis sferoSi.  
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EVOLUTIONARY ALGORITHMS OF INFORMATION PROTECTION PROBLEMS 
Janelidze Gulnara, Meparishvili Badri 
Georgian Technical University 
Summary 
Constantly changing nature of network attacks requires a flexible protection system, which 
will have the ability to analyse large volumes of network traffic. Neuronal networks are the basis 
for organizingsystems of protection of intellectual information. Such systems must ensureautomatic 
and operative reaction in case of changes of vulnerability of protective system or space of threats, 
which leads tothe use of evolutionary methods in protection of information systems. The thesis 
presentssolution of neuronal network connections weights optimization problem by using genetic 
algorithm, in the case of a constant network topology and in the case of changeable topology of 
compatibility functions. 
 
ЭВОЛЮЦИОННЫЕ АЛГОРИТМЫ В ЗАДАЧАХ ЗАЩИТЫ ИНФОРМАЦИИ 
Джанелидзе Г., Мепаришвили Б. 
Грузинский Технический Университет 
Резюме 
Постоянно изменчивый характер сетевых атак требует создание систем защиты, 
которые будут способны анализировать большой объем сетевого трафика. Базисом для 
организации интеллектуальных систем по защите информации являются нейронные сети. 
Подобные системы должны обеспечить автоматическую и оперативную реакцию при 
изменении характера уязвимости или пространства угрозы защитной системы, что приводит 
к использованию эволюционных методов в системах защиты информации. В работе 
представлено решение задач по оптимизации веса связей нейронных сетей с использованием 
генетических алгоритмов для сети  как с постоянной топологией, а также для сети с 
изменчивой топологией по функции совместимости. 
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AngularJs platformasTan muSaoba Node.js 
veb-serveris meSveobiT 
giorgi kenWoSvili  
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba AngularJs - is warmoSobis istoria da misi upiratesobebi. naCvenebia 
AngularJs biblioTekis, Bootstrap CSS stilebis CamotvirTva da samuSao garemos gamarTva. 
SemoTavazebulia veb-serverisa da testirebis sistemis instalaciis nimuSebi. sailustracio 
magaliTis saxiT ganxorcielebulia martivi SPA-aplikaciis CatvirTva brauzerSi. 
sakvanZo sityvebi: Unit testi. End-To-End testi. Npm. Node.js. Karma. Jasmine 
Framework.  
1. Sesavali 
A AngularJS warmoadgens Ria kodis (Open Source) mqone javaScript teqnologias, 
romelic SeimuSava kompania Google-ma. pirvelad igi gaJRerda 2009 wels Misko Hevery-is 
mier, rogorc JSON monacemebTan samuSao servisis komponenti. servisi ganTavsebuli iyo 
domenze GetAngular.com da gaaCnda registrirebuli momxmareblebi, Tumca sabolood 
gadawyda biznes ideis uaryofa da gamouSves AngularJS biblioTeka Ria kodiT[3]. dRes-
dReobiT, kompania Google aqtiurad ganagrZobs am teqnologiis ganviTarebasa da mxardaWeras. 
AngularJS warmoadgens klientis mxaris daprogramebis teqnologias. igi gamdidrebulia 
serveruli mxaris teqnologiebidan aRebuli saukeTeso funqcionaliT da gamoiyeneba veb-
brouzerSi CatvirTuli HTML-dokumentebis gasamdidreblad. amgvarad, AngularJS 
teqnologia aiolebs mdidari samomxmareblo interfeisis mqone, interaqtiuli veb-
aplikaciebis SemuSavebis process. AngularJS veb-aplikaciebi efuZneba Model-View-Controller 
(MVC) arqiteqturul standarts, rac saSualebas iZleva SevimuSaoT aplikaciebi, 
romlebic arian: 
 ganvrcobadi (Extendible): programistisTvis iolia gaerkves kompleqsuri AngularJS 
veb-aplikaciis logikasa da struqturaSi, daamatos axali funqcionali[1]. 
 mxardaWera (Maintenance): AngularJS aplikaciebi iolad eqvemdebareba Debug 
process, Semowmebasa da Semdgom mxardaWeras. 
 testirebadi (Testable): AngularJS aplikaciebi morgebulia testirebis procesze: 
Unit da End-To-End testebis SemuSaveba gaiolebulia. es ki imas niSnavs, rom avtomatur 
reJimSi SegviZlia gavuSvaT testebi, vipovoT da aRmovfxvravT xarvezebi, manam, sanam 
saboloo momxmarebeli gadaawydeba maT.  
 standartizebuli (Standardized): AngularJS agebulia Tanamedrove veb-standartebis 
gaTvaliswinebiT da sargeblobs uaxlesi teqnologiebis funqcionaliT (rogoricaa HTML 
5 API), popularuli xelsawyoebiTa da arqiteqturiT. 
SemdegSi ganixileba AngularsJs –isTvis veb-serveris da testirebis sistemis 
instalacia.  
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2. veb-serveris instalacia 
klientis mxaris daprogramebis xelsawyoeTa umravlesoba dawerilia JavaScript enaze 
da eSveba Node.js garemoSi[1].  
Node.js warmoadgenbs Google Chrome veb-brouzerSi CaSenebul JavaScript Zravs, Tumca 
aseve gaTvaliswinebulia brouzeris gareT muSaobis reJimic. gadavideT misamarTze: 
https://nodejs.org da davayenoT Node.js paketi (gaTvaliswinebulia Windows, Linux da Mac 
OS operaciuli sistemebis Sesabamisi sainstalacio versiebi). imisaTvis, rom davrwmundeT 
Node.js-is instalaciiis koreqtulad SesrulebaSi, gavuSvaT Command Line redaqtori. 
avkrifoT node da gavuSvaT brZaneba (enter Rilakze daWeriT). davelodoT, sanam ar 
Seicvleba prompt kursori da gavuSvaT Semdegi kodi (kodi unda avkrifoT erT xazze): 
function testNode() {return "Node is working"}; testNode(); 
Sedegad Node.js gamoTvlis Cvens mier akrefil JavaScript kods da gamoitans Sedegs: 
'Node is working' 
mravali gza arsebobs Node.js veb-serverad gamosayenebisTvis dasakonfigurireblad. 
Cven avirCieT yvelaze martiv da saimedo meTodi, rac gulisxmobs add-on modulebis 
instalacias Node.js-is lokalur sainstalacio direqtoriaSi (Cvens SemTxvevaSi: 
C:\Program Files\nodejs). daprogramebis procesisTvis martivi veb-serveris gamarTva sakmarisi 
iqneba. amitom, servers Sevqmnis mizniT gamoviyenebT Node.js-is modulebs saxelad connect 
da serve-static.  
gavuSvaT Command Line redaqtori da davdgeT Node.js-is sainstalacio 
direqtoriaze. am mizniT cmd-Si unda avkrifoT cd [sainstalacio direqtoriis misamarTi], 
rac Cvens SemTxvevaSi iqneba: 
cd C:/Program Files/Nodejs 
da gavuSvaT brZanebebi: 
npm install connect da npm install serve-static. 
NPM warmoadgens Node-is paketebis instalators. igi CamotvirTavs yvela saWiro 
fails, rac connect da serve-connect modulebs WirdebaT. amis Semdeg SevqmnaT axali faili 
saxelad server.js (kvlav vimyofebiT Nodejs sainstalacio direqtoriaSi (nax.1).  
 
es martivi veb-serveri sakmarisia developmentis procesisTvis. igi yurs ugdebs port 
5000-ze Semosul moTxovnebs da emsaxureba failebs, romlebic imyofebian angularjs 
direqtoriaSi. xolo angularjs direqtoria imyofeba imave doneze, romelzec nodejs 
sainstalacio direqtoria. 
 
var connect = require('connect'); 
var serveStatic = require('serve-static'); 
 




nax.1. Serve.js failis kontenti 
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3. testirebis sistemis instalacia 
AngularJS teqnologiis didi erT-erTi upiratesoba aris Unit Testing testirebis 
sistemasTan maRali Sesabamisobis done[2]. es saSualebas gvaZlevs developmentis procesSive 
avtomaturad SevamowmoT kodis siswore. leqciebSi testebis gasaSvebad gamoviyenebT Kkarma 
Test Runner testirebis garemos da Jasmine testirebis Framework-s. orive maTgani farTod 
aris gavrcelebuli da advilad moxmarebadia. Node.js sainstalaciio direqtoriidan 
gavuSvaT Semdegi brZaneba: 
npm install –g karma 
NPM-i gadmowers yvela im fails, rac Karma-s esaWiroeba. Semdgomi konfigurireba 
aRar aris saWiro. Karma testirebis garemo Unit Test testebs uSvebs Node.js serverze, 
xolo Tavad testi SegviZlia SevimuSaoT Jasmine, QUnit an sxva biblioTekebis gamoyenebiT. 
am etapze Karma-s muSaobis principebs ar CavuRrmavdebiT. 
4. AngularJs direqtoriis Seqmna 
Semdeg etapze unda SevqmnaT direqtoria, saidanac movemsaxurebiT AngularJS 
aplikaciebs developmentis procesSi. es saSualebas gvaZlevs daprogramebis procesSive 
SevamowmoT samuSaos progresireba da organizeba gavukeToT failebs. SevqmnaT saqaRalde 
saxelwodebiT angularjs. axali saqaRlde imave doneze unda imyofebodes, romelzec SevqmeniT 
nodejs sainstalacio saqaRalde. 
5. AngularJs biblioTekis CamotvirTva 
gadmovweroT AngularJS teqnologiis uaxlesi dastabilurebuli versia misamarTidan: 
http://angularjs.org. mTavar gverdze davaWiroT Download da davrwmundeT, rom Stable da 
uncompressed ofciebi aris CarTuli (rogorc me-2 naxazzea naCvenebi). aseve SesaZlebelia 
ara-stabiluri (Prerelease) an minimizirebuli (minified) versiis gadmowera. saleqcio 
kursSi gamoviyenebT AngularJS-is ara-kompresirebul versias. SevinaxoT angular.js faili 
axlad Seqmnil angularjs direqtoriaSi[1]. AngularJS biblioTekis uaxlesi versia aris 1.4.8, 
romelic male SeiZleba axali versiiT Canacvldes, Tumca stabiluri relizis SemTxvevaSi 

















nax.2. AngularJS biblioTekis gadmowera 
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  damatebiTi funqcionalis failebi cxr. 1 
faili aRwera  
angular-touch.js Touchscreen Event-is mxardaWera  
angular-animate.js animaciebi kontentis cvlilebisas  
angular-route.js URL marSrutizacia  
angular-sanitize.js saxifaTo kontentis arideba  
angular-locale-fr-fr.js lokalizaciis detalebi, ena-franguli. 




6. Bootstrap stilebis biblioTeka 
kontentis stilebiT gasamdidreblad gamoviyenebT Bootstrap CSS biblioTekas. 
Bootstrap ar warmoadgens AngularJS teqnologiasTan samuSao savaldebulo nawils, arc 
raime kavSiri arsebobs am or pakets Soris, magram Bootstrap-s gaaCnia kargi CSS stilebis 
nakrebi. igi saSualebas gvaZlevs iolad SevimuSaoT HTML-dokumentebi da yovel jerze ar 
vweroT sakuTari CSS-stilebi [1]. 
gadavideT gzavnilze: http://getbootstrap.com da davaWiroT Download Bootstrap Rilaks. 
miviRebT arqivs, romelic Seicavs JavaScript da CSS failebs. maTgan mxolod ori faili 
dagvWirdeba: davakopiroT Semdegi failebi angularjs saqaRaldeSi (am etapze saqaRaldeSi 
iqneba mxolod angular.js faili). 
 bootstrap.css 
 bootstrap-theme.css  
Bootstrap Sedgeba CSS da JavaScript failebisgan. saleqcio kursSi gamoviyenebT 
mxolod CSS failebs, xolo Javascript failebi ar dagvWirdeba.  
sanam saswavlo magaliTebze gadavalT, SevamowmoT, rom yvelaferi dainstalirebulia 
da muSaobs. SevqmnaT HTML faili saxelad test.html da davamatoT angularjs direqtoriaSi. 
 
 
kodSi zogierTi nawili SeiZleba ucxo iyos, magaliTad ng-app atributi html 
elementze da {{AngularJS}} gamosaxuleba body elementze - warmoadgenen AngularJS 
teqnologiis nawils, xolo btn, btn-default da btn-success kalsebi modian Bootstrap 






    <title>First Test</title> 
    <script src="angular.js"></script> 
    <link href="bootstrap.css" rel="stylesheet" /> 
    <link href="bootstrap-theme.css" rel="stylesheet" /> 
</head> 
<body> 
    <div class="btn btn-default">{{"AngularJS"}}</div> 
    <div class="btn btn-success">Bootstrap</div> 
</body> 
</html> 
nax.3. AngularJS da Bootstrap stilebis Semowmeba test.html failSi 
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7. satesto HTML-dokumentis CatvirTva 
veb-serveris gaSveba xdeba Command Prompt-Si (cmd). davdgeT Nodejs sainstalacio 
direqtoriaze (Cvens SemTxvevaSi unda avkrifoT cd C:\Program Files\nodejs) da gavuSvaT 
brZaneba:node server.js  
es CatvirTavs wina nawilSi angularjs direqtoriaSi Semnil server.js fails da 
portze nomriT 5000 CairTveba HTTP moTxovnebze yuris gdebis reJimi. 
gavxsnaT Chrome brouzeri da misamarTis velSi avkrifoT:  
http://localhost:5000/test.html. 
Sedegad brouzerSi CaitvirTeba axlad-Seqmnili HTML-dokumenti: 
 
me-5 naxazze ki naCvenebia SemTxveva, rodesac arc AngularJS da arc Bootstrap ar 
muSaobs koreqtulad. yuradReba mivaqcioT ormagi figuruli frCxilis simboloebs {{ da 
}} da arc kontenti aris warmodgenili Rilakebis saxiT (rac unda Seesrulebina Bootstrap 
biblioTekas). am SemTxvevaSi unda gadavamowmoT veb-serveris konfiguracia da angularjs 
saqaRaldeSi moTavsebuli failebi. 
8. daskvna  
erTgverdiani aplikaciebi (SPA) sruliad axali, gansxvavebuli midgomaa Tanamedrove 
veb-aplikaciebis daprogramebis meTodologiaSi. AngularJs aplikaciebSi gaiolebulia 
testebis SemuSavebis procesi, rac Dependency injection - is damsaxurebaa. iolad 
eqvemdebareba Debug process, sargeblobs uaxlesi teqnologiebis funqcionaliT, 
arqiteqturiT, xelsawyoTa nakrebiT da a.S.. 
swored zemoT CamoTvlili faqtorebis gaTvaliswinebiT, AngularJs teqnologia 
sargeblobs meti popularulobiT sxva winamorbed teqnologiebTan SedarebiT. 
 
 
nax.4. samuSao garemos Semowmeba 
nax.5. gaumarTavi samuSao garemos SemTxveva 
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ANGULAR.JS PLATFORM TO WORK WITH NODE.JS WEB SERVER THROUGH 
Kentchoshvili Giorgi 
Georgian Technical University 
Summary  
Considered AngularJs - production history and its benefits. Displaying AngularJs library, 
Bootstrap CSS style sheets, and download a working environment on. Proposed web - server system 
installation and testing of samples. An illustrative example is embodied in its SPA - Application to 
load the browser. 
 
 
РАБОТА С ПЛАТФОРМОЙ ANGULARJS ПРИ ПОМОЩИ ВЕБ-СЕРВИСА NODE.JS 
Кенчошвили Г.  
Грузинский Технический Университет 
Резюме 
В статье рассматривается история создания Angular.Js, его преимущества. Показан 
пример загрузки библиотеки Angular.Js и стилей Bootstrap CSS, а также настройки рабочего 
пространства. Автором представлены примеры инсталляции веб-сервера и системы 









manqanuri swavlebis  algoriTmebSi Semavali da  
gamomavali informaciis normalizacia 
zurab bosikaSvili, daviT WoxoneliZe 
saqarTvelos teqnikuri universiteti 
reziume 
manqanuri swavlebis ZiriTadi mizania raime sistemaze dakvirveba. arsebuli sistemebi 
SeiZleba iyos mravalnairi: maTematikuri, biologiuri, kompiuteruli da a.S. misi erT-erTi 
saxea inteleqtualuri sistema. es sistemebi moicavs sxvadasxva dargebs. manqanuri swavleba 
inteleqtualuri sistemis erT-erTi mniSvnelovani nawilia, rac Tavis mxriv moicavs Semdeg 
ZiriTad analizur sakiTxebs: Semavali da gamomavali informacia, sistemis muSaobis ZiriTadi 
procesebi da principebi. aseTi sistemebis manqanur swavlebaSi gansazRvrulia mravali 
sxvadasxva tipis algoriTmi. maTTvis, iseve rogorc mTliani sistemisaTvis aucilebelia 
informaciis adeqvaturad miwodeba. sistemam adeqvatur formatSi unda mogvawodos gamomavali 
informaciac. am yovelivedan gamomdinareobs informaciis normalizaciis saWiroeba. mimdinare 
statia ganixilavs informaciis normalizaciis erT-erT algoriTms. 
sakvanZo sityvebi: inteleqtualuri sistema. manqanuri swavleba. normalizacia. 
1. Sesavali 
manqanuri swavleba inteleqtualuri sistemis erT-erTi umTavresi komponentia. misi 
saSualebiT xdeba aRniSnul sistemaze garkveuli dakvirvebebi. aseTi tipis sistemebi iyenebs 
sxvadasxva algoriTmebs [1]. gamoyenebuli algoriTmebi SeiZleba iyos sxvadasxva tipis, aseve 
SeiZleba warmodgenili iqnas ramdenime algoriTmis kombinaciac, es yvelaferi ki mxolod 
imitom, rom gaumjobesdes inteleqtualuri sistemis warmadoba. rogoric ar unda iyos 
manqanuri swavlebis algoriTmebi, maT axasiaTebT ori ZiriTadi faqtori [2,3]: 
1. Semavali informacia – nebismieri saxis informacia, romelic adeqvaturad miewodeba 
Sesabamis algoriTms; 
2. gamomavali informacia – nebismieri saxis informacia. aucilebelia aRniSnuli 
informacia adeqvaturad iqnas warmodgenili, radgan is SeiZleba gamoyenebul iqnas rogorc 
sxva algoriTmis Semavali monacemebi an/da saboloo Sedegi, romelze dayrdnobiTac adamianma 
unda miiRos garkveuli gadawyvetileba. 
sawyis etapze xdeba informaciis kategoriis identifikacia (informacia SeiZleba iyos 
mravali saxis, aqedan gamomdinare pirvel rigSi aucilebelia imis garkveva Tu romel 
kategorias ekuTvnis is). Semavali iqneba informacia Tu gamomavali, aucilebelia is gardaiqmnas 
konkretul formatSi. aRniSnuli formats gamoiyenebs algoriTmi informaciis 
identifikaciisTvis. monacemTa warmodgena ise unda ganxorcieldes, rom saboloo Sedegis aRqma 
SeeZlos ara mxolod inteleqtualur sistemas, aramed adamiansac, romelic iyenebs aRniSnul 
sistemas garkveuli amocanebis Sesasruleblad. konkretul formatSi gardaqmna sxva araferia 
Tu ara monacemebis normalizacia/denormalizacia, romelsac ganvixilavT. calke sakiTxia 
ramdenad kargia SerCeuli normalizacia/denormalizaciis algoriTmebi Tumca zogadad 
normalizacia/denormalizaciis gareSe ver movaxdenT mTliani sistemis muSaobis adeqvaturobas. 




2. monacemTa tipebis ZiriTadi kategoriebi 
arsebobs monacemTa sxvadasxva tipebi, romlebic gamoiyeneba nebismieri algoriTmisTvis. 
Semavali da gamomavali informacia miekuTvneba am tipebidan erT-erTs. ZiriTadad gansazRvulia 
Semdegi monacemTa tipebi: 
nominaluri – moicavs iseTi tipis informacias, romlis yvela SesaZlo mniSvneloba 
winaswar aris cnobili, Sesabamisad mimdinare mniSvneloba aucileblad iqneba am CamoTvlili 
mniSvnelobebidan erT-erTi. aRniSnulis klasikuri magaliTia sqesi, romelsac gaaCnia ori 
SesaZlo mniSvneloba: mamrobiTi an mdedrobiTi. 
ordinaluri – moicavs iseTi tipis informacias, romlis yvela SesaZlo mniSvneloba 
winaswar aris cnobili, mimdinare mniSvneloba ki xasiaTdeba cvalebadobiT raRac pirobebidan 
gamomdinare. aRniSnulis klasikuri magaliTia temperaturis sami SesaZlo kategoria: “cxeli”, 
“Tbili”, “civi”. pirvel jerze mimdinare mniSvneloba SeiZleba iyos “cxeli”, garkveuli 
periodis/pirobebis Sedegad ki misi mniSvneloba SeiZleba Seicvalos da gaxdes “Tbili” da a.S. 
aqedan gamomdinare ZiriTadi gansxvaveba nominalursa da ordinalur informacias Soris aris 
mimdinare mniSvnelobis cvalebadoba, (raime pirobis/mdgomareobis gaTvaliswinebiT) romelic 
axasiaTebs ordinaluri tipis informacias.  
intervaluri – moicavs ricxviTi tipis informacias, romelsac gaaCnia sawyisi 0. 
aRniSnulis magaliTia raime weliwadi, warmodgenili ricxviT formatSi (magaliTad, 2010 
weli da a.S).  
fardobiTi – moicavs ricxviTi tipis informacias, romelsac ar gaaCnia 0 ze dabali an 
toli mniSvneloba. aRniSnulis klasikuri magaliTia asaki (magalitad, 10 weli, ar arsebobs 
0 weli an Tundac -1 weli). 
rogoric ar unda iyos monacemebi, maT axasiaTebT garkveuli operaciebis mxardaWera. mag: 
Sekreba, gamokleba, gamravleba da gayofa. aseve SeiZleba axasiaTebdeT mimarTebiTi 
damokidebulebebic, mag: metia, naklebia, tolia da a.S.  
 
monacemTa tipebi                       cxr.1 
 
 
mocemul cxrilSi warmodgenilia oTxi sxvadasxva monacemTa tipi Tumca saboloo jamSi 
SeiZleba ganvsazRvroT ori ZiriTadi tipi, romelTaganac pirvelia raodenobrivi, xolo meore 




xarisxobrivi. raodenobrivs ganekuTvneba yvela iseTi tipis informacia, romelic ricxviTi 
saxiT warmodgeba, xolo xarisxobrivs ki sxva danarCeni. informaciis 
normalizacia/denormalizacia gulisxmobs raime konkretuli algoriTmiT mimdinare 
informaciis gardaqmnas. arsebobs uamravi sxvadasxva algoriTmi, romelTaganac erT-erTia 
Equilateral Encoding. 
3. Equilateral Encoding algoriTmi 
aRniSnuli algoriTmisaTvis generirebuli informacia warmodgenilia matricis saxiT, 
romlis ganzomilebebia NxN-1 ze, sadac N aris kategoriebis raodenoba (N SeiZleba iyos 1 an 
meti, aRniSnulis ganxilvisTvis vigulisxmoT rom N>1), xolo TiToeuli striqoni Seicavs 
e.w encoding s mimdinare kategoriisaTvis [4]. algoriTmisaTvis aucilebelia raime 
winaswargansazRvruli Sualedi, romelSic movaxdenT monacemTa gradacias (rogorc wesi es 
Sualedi aris -1 dan 1 mde Tumca SeiZleba aRebul iqnas raime gansxvavebulic. aRniSnulis 
ganxilvisTvis gamoviyenoT Sualedi -1 dan 1 mde). algoriTmi SeiZleba warmovadginoT Semdegi 
bijebis saxiT:  
1. sawyisi matricis pirveli striqonis pirvel elementSi unda Caiweros Sualedis 
minimaluri mniSvneloba, xolo meore striqonis pirvel elementSi ki Sualedis maqsimaluri 
mniSvneloba. Sesabamisad gveqneba:  
𝑟𝑒𝑠𝑢𝑙𝑡⟦0⟧⟦0⟧ = −1; 
𝑟𝑒𝑠𝑢𝑙𝑡⟦1⟧⟦0⟧ = 1; 
2. vaxdenT iteracias me 2 kategoriidan zemoT N mde. (ugulebelvhyobT pirvels, radgan 
ar gvaqvs ganxiluli iseTi SemTxveva rodesac mocemulia mxolod 1 kategoria): 
𝑓𝑜𝑟 𝑘 𝑓𝑟𝑜𝑚 2 𝑡𝑜 𝑁 { 
3. viTvliT gradaciis koeficients. yoveli axlad agebuli matricis miReba xdeba wina 
matricis gamoyenebiT (aTvla meoredan daviwyeT, mesame kategoriisaTvis matricis miReba 
SegviZlia wina matricidan, romelic ukve generirebulia) 
𝑓 =
𝑠𝑞𝑟𝑡(𝑁 ∗ 𝑁 − 1)
𝑟
; 
4. vaxdenT matricis im nawilze iteracias, romelic ukve gamovTvaleT da movaxdineT 
misi gradacia: 
𝑓𝑜𝑟 𝑖 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑘 { 
                                  𝑓𝑜𝑟 𝑗 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑘 − 1 { 
                𝑟𝑒𝑠𝑢𝑙𝑡⟦𝑖⟧⟦𝑗⟧ ∗= 𝑓 
  } 
} 
5. gamovTvaloT matricis zRvari (veqtor-svetebis garkveuli mniSvnelobebi) 
𝑟 = −1/𝑁; 
       𝑓𝑜𝑟 𝑗 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑘 { 
                 𝑟𝑒𝑠𝑢𝑙𝑡⟦𝑖⟧⟦𝑘 − 1⟧ = 𝑟 
} 
6. matricis bolo mniSvnelobaSi CavweroT 1 da gavagrZeloT me 2 bijze aRwerili 
cikli 




𝑟𝑒𝑠𝑢𝑙𝑡⟦𝑘⟧⟦𝑘 − 1⟧ = 1; 
7. rodesac cikli mTlianad dasruldeba , unda movaxdinoT mTliani matricis gradacia 
[-1 , 1] SualedSi. 
 𝑑𝑎𝑡𝑎𝐿𝑜𝑤 = −1; 
 𝑑𝑎𝑡𝑎𝐻𝑖𝑔ℎ = 1; 
       𝑓𝑜𝑟 𝑟𝑜𝑤 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑁 { 
              𝑓𝑜𝑟 𝑐𝑜𝑙 𝑓𝑟𝑜𝑚 0 𝑡𝑜 𝑁 − 1 { 
       𝑟𝑒𝑠𝑢𝑙𝑡[𝑟𝑜𝑤][𝑐𝑜𝑙] = (
𝑟𝑒𝑠𝑢𝑙𝑡[𝑟𝑜𝑤][𝑐𝑜𝑙]=𝑑𝑎𝑡𝑎𝐿𝑜𝑤
𝑑𝑎𝑡𝑎𝐻𝑖𝑔ℎ−𝑑𝑎𝑡𝑎𝐿𝑜𝑤
) ∗ (𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑𝐻𝑖𝑔ℎ − 𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑𝐿𝑜𝑤) +
𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑𝐿𝑜𝑤; 
                                         } 
                                       } 
konkretuli kategoriis sanaxavad (romelic ukve normalizebulia), unda amoviRoT 
Sesabamisi striqoni miRebuli/generirebuli matricidan. dekodirebisTvis (denormaliza-
ciisaTvis) ki unda vipovoT matricaSi iseTi striqoni, romelsac gaaCnia umciresi evkliduri 
manZili gamomaval veqtorTan (normalizebul veqtorTan) mimarTebaSi. 
4. konkretuli magaliTi 
zemoT aRwerili algoriTmis safuZvelze SegviZlia moviyvanoT konkretuli magaliTi: 
pirobiTad aviRoT Semdegi parametrebi: kategoriebis/klasebis raodenoba - 5, Sualedi - [-1,1]. 
algoriTmis safuZvelze miRebuli matrica Semdegnairad gamoiyureba: 
 
Fnax.2. miRebuli matrica (konkretuli magaliTi) 
 
5. daskvna 
kvlevis safuZvelze ganvixileT algoriTmi, romlis daxmarebiTac movaxdenT Semavali da 
gamomavali informaciis normalizacia/denormalizacias. aRniSnuls Zalian didi funqcia akisria 
inteleqtualur sistemaSi, radgan normalizaciis ar arsebobam an arasworma normalizaciam 
SesaZloa gamoiwvios mTliani sistemis ara adaeqvaturi muSaoba, aqedan gamomdinare 
aucilebelia normalizaciis gamoyeneba da Sesabamisi algoriTmis sworad SerCeva. 
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NORMALIZATION OF INPUT AND OUTPUT INFORMATION IN  
MACHINE LEARNING ALGORITHMS 
Bosikashvili Zurab, Chokhonelidze David 
Georgian Technical University 
Summary 
One of the main purpose of machine learning is observating the system. There exists many kinds of 
system: Mathmetical, Biological, Informational system and etc. One kind of such system is intelligence 
system. These systems are used in many industries. Machine learning is one of the main part of intelligence 
system which includes such questions: Input and output information, main processes of system. Such 
systems' machine learning defines many kind of algorithms. Such systems' machine learning defines many 
kind of algorithms. For them, as well as the entire system it’s necessary to adequately supply the 
information. System must also adequately generate output information. Therefore information 
normalization is required. The following article discusses one of the algorithms of normalization. 
 
НОРМАЛИЗАЦИЯ ВХОДЯЩЕЙ И ВЫХОДЯЩЕЙ ИНФОРМАЦИИ В  
АЛГОРИТМАХ МАШИННОГО ОБУЧЕНИЯ 
Босикашвили З., Чохонелидзе Д. 
Грузинский Технический Университет 
Резюме 
Основная цель машинного обучения - это наблюдение за какой нибудь 
системой.Существующие системы могут быть многообразными: математические, биологические, 
компъютерные и т.д. Один из видов -интеллектуальная система. Эти системы включают в себя 
разные отрасли. Машинное обучение одна из основных  частей интеллектуальной системы, что, в 
свою очередь, включает в себя аналитические вопросы: входящая и выходящая информации, 
основные процессы и принципы работы системы. В машинном обучении для таких систем 
предусмотрены разного типа алгоритмы. Для них, как и для всей системы, обязательным условием 
является предоставление адекватной информации. Система в адекватном формате должна 
предоставить и выходящую информацию. Изо всего этого вытекает необходимость нормализации 
информации. В  статье рассматривается один из алгоритмов нормализации информации. 




videoTamaSebSi agentTa jgufebad gaerTianebisa da  
koleqtiuri gadawyvetilebebis miRebis Sesaxeb 
giorgi abelaSvili  
saqarTvelos teqnikuri universiteti  
reziume 
multiagenturi teqnologia farTod gamoiyeneba videoTamaSebSi. igi aerTianebs TameSebis 
Teoriis, rTuli sistemebis, gamoTvliTi sociologiisa da  xelovnuri inteleqtis sakiTxebs. 
videoTamaSebSi xelovnuri inteleqtis amocanebi, ZiriTadad, damyarebulia individualur 
agentze, Tumca arsebobs problemebi, sadac saWiroa agentTa jgufebi. arsebobs agentTa 
koleqtivSi gaerTianebis garkveuli principebi da midgomebi. koleqtivSi, rogorc 
individualuri agentis SemTxvevaSi, xdeba gadawyvetilebebis miReba. aseT gadawyvetilebas 
ewodeba jgufuri gadawyvetileba. statiaSi ganixileba multiagenturi koleqtiuri 
gaerTianebebisa da koleqtiuri gadawyvetilebebis miRebis sakiTxebi WianWvelebis amocanis 
magaliTze. 
sakvanZo sityvebi: videoTamaSi. multiagenturi teqnologia. inteleqtualuri agenti. 
programa. xelovnuri inteleqti.  
1. inteleqtualur agentTa gaerTianeba,  
gadawyvetilebaTa tipebi 
 videoTamaSebSi adamian moTamaSeebTan erTad monawileobas Rebulobs xelovnuri 
(programuli) agentebi, romlebic moTamaSesTan erTad moqmedebs dinamikur garemoSi [1,2]. isini 
faqtebze da wesebze dayrdnobiT Rebulobs individulur an koleqtiur gadawyvetilebebs. aseve 
agentebi asrulebs garkveul qmedebebs individualurad an koleqtiurad (nax.1).  moqmedebisTvis 
programul agentebs unda gaaCndes Sesabamisi codna [3]. es codna agentebSi SeiZleba Cadebuli 
iyos statikurad kodis saxiT, an miewodebodes dinamikurad  wesebisa da faqtebis saSualebiT. 
 
nax.1. admianisa da xelovnuri agentis moqmedeba 




nebismieri agentis moqmedeba damyarebulia mis codnaze, codna - swavlebaze. agenti 
individualurad rodesac moqmedebs, mas damoukidebeli gadawyvetilebebis miRebis meqanizmi 
gaaCnia, igi mxolod sakuTar monacemebze dayrdnobiT akeTebs daskvnebs, swavlobs, iRebs 
Sesabamis individualur gadawyvetilebebs. arsebobs amocanebi, romelTa gadawyveta 
individualur agentze ufro efeqturad agentTa koleqtiuri gadawyvetilebebiT xdeba.  
agentTa saerTo codnidan gamomdinare miiReba koleqtiuri gadawyvetileba. aseTi 
gadawyvetileba optimaluria arsebuli miznisaTvis da amocanisTvis. saerTo codnis baza iqmneba 
TviToeuli agentis individualuri codnis safuZvelze. igi SeiZleba sruliad gansxvavdebodes 
individualurisgan, radgan agentebi xSirad awydeboda problemas, rodesac maTi individualuri 
codna icvleboda. 
2. WianWvelebis amocana 
qvemoT yvelgan vigulisxmebT, rom programuli agentebi deliberaciulia da mxolod 
simbolebis samyaroSi moqmedebs. CamovayaliboT WianWvela-agentebis amocana. WianWvela-agentebi 
da obieqtebi organzomilebian, ujrebad dayofil, Semofarglul sibrtyezea ganTavsebuli da 
















nax.2. WianWvelebis amocanis grafikuli prototipi 
 
agentebi aseve SeiZleba garkveul kooperaciaSi iyos gaerTianebuli. sibtyeze 
SemTxveviTad Cndeba obieqtebi (foTlebi), romlebic SezRuduli anbanis Sedgenil mimdevrobaTa 
mimdevrobaa.  agents SeuZlia Semdegi moqmedebebis ganxorcieleba: 
• SezRuduli zomis foTlis gadaadgileba; 
• foTlis daWra im simboloze romelsac icnobs; 
• gamoyofili simbolos Senaxva sacavSi; 




• TamaSis mizania garkveul droSi kooperaciaSi myofma WianWvela - agentebma rac 
SeiZleba meti simboloebi daagrovon. agentebi Tavdapirvelad, SemTveviT poziciebSi  Tavsdebian 
da SeuZliaT erTdroulad imoZraon.  aseve kooperaciaSi myofma agentebma SeiZleba moqmedebebi  
erTdroulad Seasrulon , mag. samma agentma gadaitanos didi zomis foToli. 
movaxdinoT WianWvelebis klasifikacia maTi rolebis mixedviT: 
• mzveravi – WianWvela, romelic eZebs vargisi zomis foTlebs. mas aqvs foTlis aRmoCenis 
garkveuli radiusi da igi moZraobs garkveuli siCqariT; 
• foTlebis mWreli – WianWvelebi, romlebsac aqs sawyisi codna simboloebze, anu isini 
cnobs mxolod martiv simboloebs, Tu foToli Seicavs am sibolos es WianWvelebi Sesabamisi 
foTlis nawils moaWrian; 
• gadamzidavebi – WianWvelebi, romlebic eZebs ukve foTlebisgan CamoWril simboloebs da 
miaqvT sacavSi. maT aqvT moZraobis garkveuli siCqare da SeuZliaT garkveuli raodenobis 
simboloebis gadatana sacavSi; 
• guru WianWvela - WianWvelaTa jgufSi, gunduri gadawyvetilebebis mimRebi WianWvela. 
mas evaleba gundis mier warmoTqmuli argumentebis damuSaveba da gadawyvetilebebis miReba.  
WianWvelebis amocanaSi, romelic individualuri agentis midgomiT rTuli amosaxsnelia, 
saWiroa agentTa kooperacia, gaerTianeba. xelovnur inteleqtSi agentTa gaerTianebebi, xdeba 
argumentaciis meqanizmiT [3]. 
zogadad, argumentaciis meqanizmi logikurad gansazRvravs, Tu rogor SeiZleba iyos 
miRebuli daskvna, aseve logikuri gansjebis safuZvelze. WianWvelebis amocanis magaliTze, 
argumentaciis meqanizmi muSaobs jgufebSi. arsebobs zusti pirobebi da daskvnebi, romelTa 
mixedviTac WianWvelebi SeiZleba jgufSi gaerTiandes an piriqiT, zogi WianWvela gundma 
gaaTavisuflos. 
 
3. agentTa gaerTianebebi da multiagenturi koleqtiuri gadawyvetilebebi  
WianWvelebis amocanis magaliTze 
 
WianWvelebis amocana ganvixiloT rogorc kooperatiuli videoTamaSi, sadac 
mniSvnelovania optimaluri Sedegi. Cven SegviZlia klasificirebuli WianWvelebi gavaerTianoT 
jgufebad, raTa maTi saerTo davalebebis Sesruleba avaCqaroT. TviToeuli klasisTvis 
davalebebi aseTia: 
 mzveravebma rac SeiZleba meti foToli ipovos minimalur droSi; 
 foTlis mWrelebma foTlis maqsimaluri raodenoba daWras;  
 gadamzidavebma foTlis maqsmimaluri raodenoba gadaitanos sacavSi. 
maqsimaluri Sedegis misaRwevad saWiroa kargi gundis formireba. kooperativma SeiZleba 
aiyvanos axali wevri gundSi da aseve Seelios Zvel wevrs. ganvixiloT agentTa gaerTianebebi 
da maTi koleqtiuri gadawyvetilebebi, rodesac TviToeul jgufs saTaveSi udgas guru 
WianWvela. 
 




4.  mzveravTa kooperacia da jgufuri gadawyvetilebebi. 
WianWvelebis amocanaSi nebismier mzveravs aqvs foTlis amocnobis 𝑅 radiusi. mocemuli 
radiusis mqone wrewiris SigniT igi aRmoaCens vargis foTols da moniSnavs mas. yoveli 
mzveravi moZraobs garkveuli 𝑉 siCqariT. davuSvaT, amocanaSi Semdegi pirobaa - nebismieri 
mzveravi WianWvelisTvis radiusis damokidebuleba ukuproporciulia siCqarisa. WianWvela rac 
ufro Cqara moZraobs, miT naklebia misi moqmedebis radiusi, xolo rac ufro nela moZraobs, 
piriqiT, mas SeuZlia ufro farTo teritoria gamoikvlios. mzveravis margi qmedebis 
koeficienti gamovTvaloT Semdegi formuliT [1]: 
𝑍 =  𝑅𝑉.                                    (1) 
mzveravebis gundurad gaerTianeba mniSvnelovania amocanis amoxsnis warmadobisTvis. 
TiToeuli mzveravis gundSi ayvanis Semdeg gundi iwyebs axali siCqariT moZraobas. yvela 
WianWvelas saSualo siCqarea 
 𝑉𝑚𝑎𝑥 = ∑ (𝑉𝑖 / 𝑛)
𝑛
𝑖 = 1 ,                              (2) 
xolo jamuri dasazveri farTobis radiusi, TiToeuli WianWvelis mier gamokvleuli farTobis 
radiusebis jamis saSualo ariTmetikulia: 
   𝑅𝑚𝑎𝑥 = ∑ (𝑅𝑖 / 𝑛)
𝑛
𝑖 = 1                       (3) 
erTis mxriv, mzveravebma unda gaiTvaliswinos amocanis Sesrulebis siswrafe da gundSi 
hyavds swrafi gadaadgilebis mqone WianWvelebi. meores mxriv, saWiroa farTe radiusi, radgan 
ufro meti xilvadoba hqondes jgufs. am SemTxvevaSi, saWiroa optimaluri Sualedis povna, 
WianWvelebi arc Zalian unda aCqardes da arc unda Seneldes. Sesabamisad, maT unda hqondes 
maqsimalurad didi xilvadobis radiusi da unda moZraobdes maqsimalurad swrafad. 
 yoveli axali WianWvelas Sexvedris SemTxvevaSi, irTveba gundis argumentaciis meqanizmi, 
TviToeuli WianWvela ambobs saTaviso arguments misi margi qmedebis koeficientidan 
gamomdinare, anu romeli parametriT aris upiratesi. guru wyvets gundidan wamosuli 
argumentebis mixedviT aiyvanos Tu ara axali wevri, Tu Caanacvlos arsebuli. axali wevris 
ayvanam didi radiusiT, SeiZleba Zalian Seanelos moqmedeba, xolo swrafad moZravma WianWvelam 
ki xilvadobis radiusi Seamciros. 
[1]-Si aRwerilia gaZlierebiTi daswavlis algoriTmi, sadac TviToeul jerze 
gadawyvetilebis miReba dafuZnebulia jildoze. jildo pirobiTad, aris miznis miRwevis 
Sedegad miRebuli sargebeli. Cvens konkretul SemTxvevaSic guruebi, zustad aseTi meTodiT 
moqmedebs. 
Tu Cven gvaqvs arsebuli mdgomareoba 𝑥 da xelmisawvdomi moqmedeba 𝑎, maSin 𝑄 daswavliTi 
algoriTmi moicema bolcmanis tolobiT [4]: 
𝑝 (𝑎𝑖|𝑥)  =  
𝑒𝑄(𝑥,𝑎𝑖) / 𝑇
∑ 𝑒𝑄(𝑥,𝑎𝑖) / 𝑇𝑘𝜖𝑎𝑐𝑡𝑖𝑜𝑛𝑠
                 (4) 
sadac 𝑇 aris temperaturis parametri da is gansazRvras gadawyvetilebaTa miRebis 
SemTxveviTobas. guru iRebs gadawyvetilebas, iRebs 𝑟 - jildos. Semdeg ki gadadis axal 
𝑦 mdgomareobaze. yovel jerze agenti anaxlebs 𝑄(𝑥, 𝑎) - rekursiulad, umatebs pozitiurobis 
wonas 𝛽 da aklebs samomavlo resursebs: 




𝑄(𝑥, 𝑎) ← 𝑄(𝑥, 𝑎)  +  𝛽(𝑟 +  𝛾𝑉(𝑦)  −  𝑄(𝑥, 𝑎))                 (5) 
 𝛾(0 ≤ 𝛾 ≤ 1) aris klebadobis parametri da 𝑉(𝑥) miiReba ase: 
  𝑉(𝑥) = 𝑚𝑎𝑥𝑏𝜖𝑎𝑐𝑡𝑖𝑜𝑛𝑠𝑄(𝑥, 𝑏)                           (6) 
 
5. foTlis mWrelTa kooperacia da jgufuri  
gadawyvetilebebi 
mzveravTa jgufuri gadawyvetilebebis msgavsad SegviZlia ganvixiloT foTlis mWrelTa 
dinamikuri dajgufebebic. maTi koleqtivizaciac damokidebulia margi qmedebis koeficientze, 
romelic gamomdinareobs maTsave damaxasiaTebeli qcevidan - Sesabamisi simbolos foTlis 
danawevrebisgan. 
WianWvelaTa jgufi, romelTa SemadgenlobaSi Sedis 𝑎, 𝑣, 𝑔, 𝑛. .. foTlis amomcnobi 
WianWvelebi. TiToeuli WianWvelaTa jgufisaTvis arsebobs jgufuri margi qmedebis 
koeficientTa heS-cxrili (cxr.1), sadac weria Sesabamisi simbolos amomcnobi WianWvelis 
arawarmadobis an warmadobis koeficienti. Tavidan es koeficientebi aris 0-is toli. 
yoveli axali simbolos amomcnobi WianWvelis damatebis SemTxvevaSi am heS-cxrils 
Seemateba Sesabamisi simbolos erTi Canaweri, mniSvnelobiT 0. ganvixiloT SemTxvevebi Tu 
rogor icvleba heS-cxrili simulaciis yovel Semdeg nabijze. 






nebismieri foTlis damuSavebis Semdeg, jgufSi gadaixedeba Sesrulebuli samuSao da am 
samuSaoze momuSave WianWvelebi gadairCeva. vTqvaT, Tu WianWvela 𝑎-sTvis Sesabamisi simbolo 
ver moiZebna da is, ase vTqvaT, usaqmod darCa, heS-cxrilis grafaSi misi simbolos Sesabamis 
mniSvneloba Semcirdeba 1-iT. ese igi, arsebuli WianWvelis warmadoba Semcirda. Tu darCa iseTi 
foTlis nawili, romlis simbolos amomcnobi ar moiZebneba gundSi, maSin gundis heS-cxrilSi 
jer daiZebneba Sesabamisi simbolos Canaweri. povnis SemTxvevaSi misi mniSvneloba gaizrdeba 1-
iT, xolo ar-povnis SemTxvevaSi, gakeTdeba axali Canaweri am simboloTi da mniSvnelobiT 0. 
es imas niSnavs, rom Sesabamisi simbolos amomcnobi WianWvelis saWiroebis koeficienti 
gaizarda, an saWiro WianWvelis grafa daemata. 











pirobiTad, arsebobs garkveuli zRvari heS-cxrilis mniSvnelobebSi, rodesac saWiro 
xdeba guru-WianWvelis mier axali wevris damateba an Zveli wevris gaSveba. Tu margi qmedebis 
koeficienti mniSvnelobiT garkveul zRvars (- 𝛿) Camoscdeba (cxr.2), guru iRebs 
gadawyvetilebas, rom Sesabamisi simbolos amomcnobi WianWvela saWiro aRar aris am gundSi, 
da igi mas aTavisuflebs. am WianWvelis Sesabamisi simboloiani Canaweric iSleba heS-cxrilidan. 
Tumca gaTavisuflebuli WianWvela SeiZleba saWiro iyos sxva gundisTvis, romlis gurumac 
misi simbolos mqone WianWvelis damatebis gadawyvetileba miiRo, rac Semdegnairad 
ganisazRvreba - Tu simulaciis garkveuli bijebis Semdeg romelime simbolos koeficienti 
gascda garkveul zRvars (𝛿), e.i. saWiroa am simbolos amomcnobi WianWvelis damateba gundSi, 
radgan misi samuSao uxvad aris Sesabamis kolonaSi. 
• yoveli Semdegi WianWvelis damatebis fsevdokodi: 
𝑓𝑜𝑟𝑒𝑎𝑐ℎ(𝑒𝑎𝑐ℎ 𝑖; 𝑖 < 𝐻𝑎𝑠ℎ𝑇𝑎𝑏𝑙𝑒. 𝑙𝑒𝑛𝑔𝑡ℎ; 𝑖 + +) 
{𝑖𝑓(𝑖. 𝑣𝑎𝑙𝑢𝑒 >  𝛿) 𝐴𝑑𝑑𝑁𝑒𝑥𝑡𝐴𝑛𝑡𝐼𝑛𝐶𝑜𝑙𝑜𝑛𝑦(𝑖. 𝑘𝑒𝑦)} 
 
• arasaWiro WianWvelis gaTavisufleba kolonidan: 
𝑓𝑜𝑟𝑒𝑎𝑐ℎ(𝑒𝑎𝑐ℎ 𝑖; 𝑖 < 𝐻𝑎𝑠ℎ𝑇𝑎𝑏𝑙𝑒. 𝑙𝑒𝑛𝑔𝑡ℎ; 𝑖 + +) 
{




6. gadamzidavi WianWvelebis kooperacia da jgufuri  
gadawyvetilebebi 
mzveravi WianWvelebis msgavsad, gadamzidavebic analogurad SegviZlia ganvixiloT, oRond 
maTi margi qmedebis koeficienti damokidebuli iqneba moZraobis siCqaresa da foTlis simZimis 
daZlevaze - rac ufro did naWers waiRebs WianWvela miT ufro nela ivlis, xolo msubuqi 
naWris awevis SemTxvevaSi priqiT, swrafad ivlis. jgufis mizani iqneba kolonam waiRos 
optimaluri wonis foTlebi optimalur droSi.  
3. daskvna 
ganxilul iqna videoTamaSebSi multiagentur sistemaTa jgufuri gadawyvetilebebis 
miRebis sakiTxebi, WianWvelebis amocanis klasikuri magaliTis safuZvelze. naCveneb iqna, rom 
kooperaciisTvis mniSvnelovania argumentaciis meqanizmi. am meqanizmis saSualebiT guru 
agentebi jgufis TviToeuli wevris gadawyvetilebaze dayrdnobiT iReben saboloo 
gadawyvetilebas. aseve vnaxeT, Tu raoden mniSvnelovania swori gundis formireba, raTa miznis 
miRwevisTvis daixarjos naklebi resursi da amocana Sesruldes optimalur droSi. 
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ON THE UNITED AGENTS IN GROUPS AND COLLECTIVE DECISION-MAKING  
IN A VIDEO GAME 
Abelashvili Giorgi 
Georgian Technical University 
Summary 
Multiagent Technology is widely used in videogames. It combines game theory, complex systems, 
artificial intelligence and computational sociology. Many videogames are based on the individual 
artificial agent, but there are problems which are often solved as collective agents, in this case, agents 
will be unite in community. To unite agents in Community, there are some principes and approaches. 
In agent's community decisions are made as one A.I. agent. These decisions called Community Decisions 
and it's based on the each individual community member's decision. In this article we are going to talk 
about these decisions and the example will be The Ant's Task. 
  
ОБ ОБЬЕДИНЕНИИ АГЕНТОВ В ГРУППЫ И ПРИНЯТИИ 
КОЛЛЕКТИВНЫХ РЕШЕНИЙ В ВИДЕОИГРАХ 
Абелашвили Г. 
Грузинский Технический Университет 
Резюме 
Мультиагентная технология широко используется в видеоиграх. Она обьединяет вопросы 
теории игр, сложных систем, вычислительной социологии и исскуственного интеллекта. В 
видеоиграх задачи исскуственного интеллекта опираются на индивидуального агента, однако 
существуют проблемы, когда необходимы группы агентов. Существуют определенные принципы 
и подходы обьединения агентов в коллективю В коллективе, как и в случае индивидуального 
агента, происходит принятие решения. Такое решения называется групповым решениемю В 
статье рассматриваются вопросы принятия решений в мультиагентном коллективном 
обьединении на примере задачи о муравьях. 




veb-gverdebis daproeqtebis Tanamedrove meTodebis  
kvleva da maTi praqtikuli realizacia 
nino goCitaSvili 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia veb-gverdebis maketis daproeqtebis meTodebi, aRwerilia am meTodebs 
Soris gansxvavebebi, maTi dadebiTi da uaryofiTi mxareebi. Camoyalibebulia kvlevis 
Sedegad miRebuli rekomendaciebi da maTi programuli realizaciis gamoyenebis xerxebi 
veb-daproeqtebis dros. Sedegebi SeiZleba gamoiyenon dizainerebma da developerebma veb 
gverdebis Seqmnis procesSi.   
sakvanZo sityvebi: veb-gverdi. adapturi gverdis maketi.  sapasuxo gverdis maketi, 
statikuri maketi. 
1. Sesavali 
sxvadasxva portatuli mowyobilobebis aqtiurma gavrcelebam, rogoricaa mobiluri 
telefonebi, planSetebi da ekranebi, saSuleba mogvca ganxorcieldes internetSi  gasvla 
nebismier dros da nebismier adgilze. es ki mniSvnelovnad amartivebs saWiro informaciis 
moZiebas mocemul situaciaSi. axali teqnologiebis danergvam gamoiwvia veb-gverdebis 
dizainis saxecvlileba. veb-dizainis industria aris mudmiv dinamikaSi. axali 
teqnologiebisa da mowyobilobebis warmoSobasTan erTad xdeba veb-proeqtirebis 
meTodebis aqtiuri ganviTareba. 
dizainis saxecvlilebis mTavari mizezi aris axali saxeobis mobiluri 
mowyobilobebis, planSetebis da televizorebis warmoSoba, romelTa saSualebiT 
xorcieldeba gasvla internetSi da aseve iseTi veb teqnologiebis danergva, rogoricaa 
HTML da CSS-i.  
2. ZiriTadi nawili 
veb-gverdis maketi. veb dizainerebi xSirad iyeneben iseT terminebs, rogoricaa 
dafiqsirda, statikuri, cvalebadi, adapturi, sapasuxo, da sxva. erTidaigive veb gverdis 
maketi sxvadasxvanairad ganlagdeba gansxvavebuli siganis brouzerSi brouzeris 
horizontaluri sigane SeiZleba Seicvalos, radgan veb gverdi  unda moergos  sxvadasxva 
mowyobilobebs (mobiluri telefonebi, dafebi, kompiuterebi, da a.S.), vizitors SeuZlia 
Secvalos brouzeris fanjara desktop mowyobilobaze, an SeiZleba Secvalos  telefonis 
orientacia portretuli ganlagebidan landSaftis reJimSi da ase Semdeg.   
statikuri maketi. statikuri gverdis ganlageba, (uwodeben "Fixed" ganlagebas  an 
fixed width " ganlagebas) saitisTvis iyenebs  winaswar gansazRvrul zomebs. gverdis zoma  
ar icvleba brouzeris siganidan gamomdinare. sxva sityvebiT rom TqvaT  gverdze 
leiauTs SeiZleba hqondes magaliTad, mudmivi sigane 960 piqseli. am meTods iyenebdnen 




mravali wlis manZilze, sanam Tanamedrovebam gavlena ar iqonia masze da da ar ganviTarda 
adapturi dizaini.  
sxvadasxva mowyobiloba sxvadasxvanairad reagirebs statikuri gverdis maketze. ris 
gamoc veb gverdi SeiZleba odnav araprognozirebadi iyos. magaliTad, Tu desktopis 
brauzeris fanjara aris Zalian mcire horizontalurad, maSin  horizontalur velSi 
ekranze gamosaxuleba moiWreba. mobiluri mowyobilobaze, rogoricaa iPhone, gverdi  
avtomaturad masStabirdeba, romelic saSualebas aZlevs momxmarebels gaadidos 
garkveuli elementebi.  
axali saitis Seqmnis dros, veb dizainerebis umravlesoba arCevans ar akeTebs 
statikur ganlagebaze, radgan es imas niSnavs, rom mobiluri mowyobilobisTvis mas 
dasWirdeba sxva saitis Seqmna.  
cvalebadi gverdis maketi. (Liquid Page Layout) (nax.1). es maketi  (uwodeben `fluid" 
da `fluid width") fiqsirebuli erTeulis nacvlad iyenebs pirobiT erTeulebs. rogorc 
wesi, cvalebadi gverdis maketSi piqselis nacvlad gamoiyeneba procentuli erTeulebi, 
magram nebismieri fardobiTi  sazomi erTeuli imuSavebs, magaliTad, ems. [4]. 
 
nax.1 cvalebadi gverdis maketi 
cvalebadi gverdis maketi  xSirad avsebs siganes gverdze, imis miuxedavad ra 
siganisaa brauzeri. Zalian did an Zalian mcire brauzeris siganis SemTxvevaSi, arsebobs 
ramdenime ZiriTadi xarvezi. magaliTad, Tu is aris Zalian farTo, kontenti SeiZleba 
Zalian gadaiWimos da piriqiT. 
adapturi gverdis maketi ekranis zomidan gamomdinare akeTebs ramdenime cvlilebas. 
is iyenebs sxvadasxvanair makets gansxvavebuli zomis ekranebisTvis. aRniSnulidan 
gamomdinare saiti iyenebs Sesabamis makets ekranis zomidan gamomdinare. magaliTad, iq 




SeiZleba iyos winaswar gawerili maketi: mobilurebisTvis, planSetebisa da 
desktopisTvis.  
es sami nimuSi aris molodinis reJimSi manamde, sanam romelime maTganiT ar Sevlen  
saitze. saiti gansazRvravs gamoyenebuli mowyobilobis saxeobas da miawvdis winaswar 
gaweril makets Sesabamis mowyobilobas. zogadad, adapturi saitis Seqmnis dros SiZleba 
SemuSavebul iyos eqvsi saerTo ekranis sigane: 320px. 480px, 760px, 960px, 1200px, 1600px. 
adapturi gverdis maketi iyenebs CSS mediis SekiTxvebs, aRmoaCens brauzeris siganes 
da cvlis ganlagebas Sesabamisad. adapturi formatSi, iseve rogorc statikuri maketSia 
_ fiqsirebuli erTeulia piqselebi (pixels), magram maT Soris gansxvaveba isaa, rom media 
SekiTxvebis meSveobiT (media quires) mravaljer ganisazRvreba konkretuli fiqsirebuli 
sigane. 
media SekiTxvebi aris logikis gamoxatuleba da rodesac xdeba mediis SekiTxvebis 
gamoyeneba, isini qmnis ZiriTad algoriTms. ase magaliTad, adapturi gverdis konteineri 
migviTiTebs Semdegs:  
`Tu brauzeri siganeSi 500px-ia, daayeneT mTavari kontent konteineris 400px-ze. 
Tu brauzeris sigane 1000px-ia, maSin miTiTebuli mTavari kontent konteineri unda iyos 
960 px" da a.S. [3]: 
@media screen and (min-width: 500px) { 
.wrapper { 
max-width: 400px;} 
@media screen and (min-width: 1000px) { 
.wrapper { 
max-width: 960px;} 
mTavari kontent konteineridan gamomdinare gverdis sxva elementebmac SeiZleba 
Seicvalos sigane. magaliTad, ori svetis ganlageba SeiZleba Seicvalos erTsvetianiT, Tu 
brauzeris sigane aRmoCndeba ekranze viwro [1]. 
misi Seqmna, rogorc wesi, moiTxovs nakleb dros, vidre sapasuxo maketi. adapturi 
maketis SemuSaveba kargi gamosavalia mobiluri mowyobilobebis mxardasaWerad.  
adaptirebuli proeqtirebis uaryofiTi mxarea is, rom winaswar gawerili maketi 
SeiZleba ar moergos garkveuli zomis ekranebs, amis gamo ekranis farTo speqtrisTvis 
Sedegebi yovelTvis ver iqneba saukeTeso.  
imis gaTvaliswinebiT, rom mudmivad gamodis sxvadasxva zomis axali mowyobilobebi, 
adapturi saiti imuSavebs mxolod im ekranebze, romelzec mis makets SeuZlia muSaoba. 
ase rom, Tu axali mowyobiloba axali ekranis zomiT gamovida, SeiZleba mocemuli 
adapturi proeqtirebis arc-erTi maketi ar Seesabamebodes mas.  
aqedan gamomdinare saWiro iqneba cvlilebebis Setana an axlis Seqmna. ase rom 
adaptur saitebs sWirdeba dro da dro Secvala.  




sapasuxo gverdis maketi (Responsive page Layout). sapasuxo proeqtirebis (Responsive 
web design) srulyofisTvis saWiro enebia: HTML5 & CSS3 [5].   
sapasuxo (Responsive) gverdis maketi iyenebs orive fardobiT erTeuls da media 
SekiTxvebs (media queries), aerTianebs or ideas: cvalebad maketis (Liquid Layout) da 
adaptur maketis [5]. rogorc ki brauzeris sigane gaizrdeba an dapataravdeba, sapasuxo 
gverdis maketi xdeba drekadi, moqnili cvalebadi maketis msgavsad (Liquid Layout). im 
SemTxvevaSi Tu brauzeri scdeba gansazRvruli siganis CarCoebs, gansazRvrul 
sakontrolo wertilebs media SekiTxvebSi, maSin maketi Seicvleba mniSvnelovnad [2].  
sapasuxo gverdis maketis Seqmnis dros ar unda gamoviyenoT pixel-i [6]. viyenebT 
fardobiT erTeuls, procents. rodesac piqselSi vgegmavT saits, es arasworia radgan es 
aris fiqsirebuli zoma, xolo roca procentulad vakeTebT amas, morgebadia sxvadasxva 
zomis mowyobilobisaTvis. magaliTad 960px -iani SegviZlia davyoT Semdegnairad (nax.2). 
 
nax.2. maketis fardobiTi erTeulebi 
 
gverdis elementis proporciebis gamosaTvlelad gamoviyenebT martiv formulas [6]. 
TARGET % CONTEXT = RESULT 
TARGET aris samizne elementi, risi gazomvac gvinda, xolo CONTEXT aris is 
mTliani elementi, raSic moTavsebulia gverdis Sinaarsi. 
gverdis maketis samarTavad mniSvnelovania mmarTveli badeebis gamoyeneba. magaliTad, 
`Bootstrap”-s aqvs standartuli, 12 svetiani bade. magram Teoriulad SeiZleba Seiqmnas 
`gridi" ufro meti an naklebi svetiT, es ganisazRvreba kontrolis doniT [6]. 
sapasuxo proeqtirebis yvelaze mniSvnelovani Rirebulebaa saitis adaptacia 
garkveuli mowyobilobebisaTvis, romelic ar saWiroebs axali dizainis Seqmnas 
saitisTvis da aseve SigTavsis cvlilebebs. unda aRvniSnoT, rom saZiebo sistema 
GOOGLE-sTvis misaRebia sapasuxo proeqtireba.  
misi ZiriTadi problema dakavSirebulia SigTavsis (content) optimizaciasTan, kodis 
gazrdis gamo SeiZleba Seiqmnas problemebi gverdis CatvirTvis dros.   





kvlevis Sedegebze dayrdnobiT veb proeqtirebaSi SeiZleba gamovyoT veb gverdis 
realizebis Semdegi meTodebi:  
sapasuxo proeqtirebaSi gamoyenebuli maketis struqtura aris usafrTxo arCevani 
saitisTvis, radgan is yovelTvis funqcirebs ekranis nebismier zomaze da ar arsebobs 
imis safrTxe, rom axali mowyobilobis gamosvlis SemTxvevaSi is dakargvs momxmarebels. 
magram misi organizeba CSS-Si moiTxovs met yuradRebas, radgan moiTxovs 
uzrunvelyofili iyos erTi maketi, romelic yvela zomebs moergeba.  
saZiebo sistema GOOGLE-sTvis misaRebia sapasuxo proeqtireba.  
GOOGLE yovelTvis rekomendacias uwevs sapasuxo saits (Responsive site).  
momxmareblisTvis advilad xdeba misamarTebis gacvla da SigTavsTan urTierTqmedeba, 
romelic inaxeba erT URL misamarTze.  
sapasuxo proeqtireba rekomendebulia gamoyenebul iqnas iseTi saitis Sesaqmnelad, 
romelic orientirebulia klientis mosazidad. radgan dizaini erTnairad gamosaxuli 
unda iyos nebismier mowyobilobaze, radgan klientma martivad icnos is da ar Seiqmnas is 
SegrZneba rom gansxvavebul resurszea. 
adapturi gverdis maketi ufro martivi Sesaqmnelia, moiTxovs nakleb drois 
danaxarjebs. garkveuli saitebisTvis is SeiZleba iyos saukeTeso varianti. im SemTxvevaSi, 
rodesac axali saiti Tavdapirvelad iwyebs funqcionirebas internet sivrceSi da 
sWirdeba resursebis dazogva.  
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RESEARCH OF MODERN METHODS OF WEB-SITES DESIGN AND  
THEIR IMPLEMENTATION  
Gochitashvili Nino 
Georgian Technical University 
Summary 
The article discusses methods of designing layouts for web-pages. Differences among various 
methods as well as their advantages and disadvantages are described. Recommendations resulting a 
research that has been made are provided as well as software implementation methods used in web 
design that may be used by designers and developers in the process of creating web pages. 
 
 
ИССЛЕДОВАНИЕ СОВРЕМЕННЫХ МЕТОДОВ ПРОЕКТИРОВАНИЯ  
ВЕБ-МАКЕТОВ И ИХ ПРАКТИЧЕСКАЯ РЕАЛИЗАЦИЯ 
Гочиташвили Н. 
Грузинский Технический Университет 
Резюме 
Рассматривается исследование современных методов веб проектирования, которые 
являются наиболее широко используемыми на данном этапе. Основную роль в веб-дизайне 
играет такая форма страницы макета, которая будет адаптирована для разных устройств. 
Рассмотрены  несколько основных структур  макета веб-страниц, в частности, адаптивный-, 
статический- и отзывчивый макеты, которые сегодня являются наиболее распространенными и 
эффективными в веб-дизайне. Описаны положительные и отрицательные стороны этих 
методов. Получены рекомендации по их использованию, способах реализации при веб-
проектировании.  




auditoriis Sefasebis procesis avtomatizacia 
 administraciuli sainformacio sistemebis gamoyenebiT 
ekaterine Turqia, daviT jibuti, sofio stomadova 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia swavlebis xarisxis gaumjobesebisTvis auditoriis Sefasebis meTodebis 
sqoring modelis damuSaveba da realizacia administraciuli sainformacio sistemebis 
gamoyenebiT. sqoring modelis sferoa sagnis silabusSi Semavali saleqcio Temebi. 
ganzomilebis saxiT SemoTavazebulia ramdenime kriteriumi, rac SeiZleba gafarTovdes 
momxmareblis mier, Sefaseba fokusirdeba sambalian qulebze  (dabali, saSualo, maRali). 
Sedegebis warmodgena samomxmareblo interfeisSi xorcieldeba grafikul-analitikuri 
instumentebiT, organzomilebiani da samganzomilebiani monacemTa modelebiT. damuSavebuli 
sistema iTvaliswinebs studentebis aqtiur CarTvas swavlebis strategiul procesSi. 
magaliTis saxiT statiaSi SemoTavazebulia sistemis  samomxmareblo dialoguri formebis 
fragmentebi, leqtorisa da studentis momxmarebelTa matricis tipebis mixedviT.  
sakvanZo sityvebi: swavlebis xarisxi. auditoriis Sefasebis meTodebi (CATs). 
sqoringis sistema (CLASS). administraciuli sainformacio sistemebi.  
1. Sesavali 
swavlebis xarisxis gaumjobeseba farTo interesebis sferoa. msoflios masStabiT 
aqtualuria swavlebis procesis gaumjobesebis nebismieri formisa da mimarTulebis 
ganxilva, Seswavla da saukeTesos danergva, vinaidan swavlebis swori da efeqtiani 
meTodebis gatareba gavlenas axdens da pirdapirproporciulia saxelmwifos 
ganviTarebaze. swavlebis xarisxis gaumjobesebis procesSi ZiriTadi azri fokusirdeba 
saswavlo menejmentisa da akademiuri personalis Sexedulebebze. procesi mudmivad ergeba 
sabazro moTxovnebs da am dinamikaSi SedarebiT naklebi datvirTva aqvs auditoriis 
mxridan swavlebis procesis Sefasebis detalur analizs da Sedegebis praqtikaSi 
implementacias.  
swavlebis xarisxis gaumjobeseba uwyveti procesia, rac droTa ganmavlobaSi mudmiv 
ganaxlebas saWiroebs sxvadasxva aspeqtebis mixedviT. rogorc wesi, xarisxis 
gaumjobesebis procesi mimarTulia ZiriTadad, vertikaluri marTvis principiT zemodan-
qvemoT. aseTi mimarTuleba, orientirebulia gamocdili da kvlificiuri eqspertebis 
rekomendaciebis, Sefasebebisa da gadawyvetilebebis danergvaze.  
bolo wlebis dakvirvebiT, universitetebis swavlebis xarisxis gaumjobesebis 
komponentebi ZiriTadad eyrdnoba saswavlo silabusebis formatis cvlilebebis, 
studentTa Sefasebis midgomebis, administraciuli da organizaciuli cvlilebebis 
sakiTxebs. es komponentebi, swavlebis procesis xarisxis saerTaSoriso saukeTeso 
praqtikis rekomendaciebis nawilia, rac cxadia mniSvnelovani, gansaxilveli da 
gasaTvaliswinebelia.  
Tumca, am rekomendaciebSi mkafiod aris gamijnuli swavlebis xarisxis 
gaumjobesebis dualuri (Duality-ormxrivoba) midgoma anu vertikaluri marTva qvemodan-
zemoT principiT. am SemTxvevaSi dualuri midgoma iTvaliswinebs studentebis aqtiur 
CarTvas swavlebis strategiul procesSi. praqtikaSi, danergilia auditoriis Sefasebis 
meTodebi (Classroom Assessment Techniques (CATs)), rasac iyenebs sxvadasxva wamyvani 




universitetebi (mag., miCiganis, kaliforniis, j. vaSingtonis, dortmundis, maincis da sxv. 
universitetebi) [1].  
auditoriis Sefasebis meTodebi bazirebulia e.w. sqoringis algoriTmze/modelze 
(Scoring Models), romlis mizania ganisazRvros swavlis gadacemis erT-erTi mTavari 
faqtori - codnis miRebis ra Temebia saintereso da rogori formaa misaRebi, 
komfortuli da produqtiuli auditoriisTvis.  
swavlebis procesis xarisxis gaumjobesebisTvis, mniSvnelovania leqtorisTvis 
informatiuli iyos, ramdenad gasagebad aris studentisTvis Sedgenili sagnis miwodebis 
komponentebi. magaliTad, sagnis sakiTxebi, miwodebis formebi, axsnis meTodebi, axsnis 
stili da sxv. mniSvnelovania da aqtualuri swavlebis dros studentebTan 
TanamSromloba da maTi azris gaTvaliswineba.  
Cveni mizania, damuSavdes swavlebis procesis xarisxis gaumjobesebis avtomatize-
buli sistema, sadac leqtori studentisgan miiRebs informacias Tu ramdenad 
saintereso, gasagebi da daZlevadia sagani. aRniSnuli sistema, dafuZnebuli iqneba 
administraciuli sainformacio sistemebis (Executive Information Systems) modelis bazaze, 
sadac gaTvaliswinebuli iqneba, saswavlo procesis Sefasebis sqoringis modeli (aq 
studenti warmodgenilia eqspertad), studentis aqtivobis monitoringis dafa, 
gadawyvetilebis mxardamWeri meqanizmebis meTodebi da sxv. 
2. ZiriTadi nawili 
sqoringis algoriTmi klasikuri eqspertuli Sefasebebis modelia, romelic igeba 
kriteriumebis Tvisebrivi an ricxobrivi SefasebebiT da dadis wrfiv modelamde. 
Sinaarsobrivad, sqoringis algoriTmis kriteriumebi da Sefasebebi ganisazRvreba 
istoriul (statistikur) monacemebze dayrdnobiT, rogorc sakuTri gamocdilebis, ise 
gare mxaris mier warmodgenili monacemebis sinTeziT. auditoriis Sefasebis meTodebSi 
sqoringis algoriTmSi rekomendirebulia gamoyenebuli iqnas erTi wlis statistikuri 
monacemebi [2]. 
sqoringis algoriTmi, teqnikurad (reportingis Tanamedrove midgomebiT) Sedgeba 
sami nawilisgan sfero (Domain), ganzomileba (kriteriumebi) da Sefaseba (qula).  
auditoriis Sefasebis meTodebis sqoringis modelSi literaturaSi ganxilulia, 
ZiriTadad, sami faqtori: 1. emociuri mxardaWera - studentebsa da leqtors Soris 
damokidebuleba; studentebs Soris damokidebuleba, gunduroba; 2. auditoriis organizeba 
- saswavlo masalis da formis efeqtianoba; 3. saswavlo mxardaWera - swavlebis 
koncefcia, strategia [3]. 
administraciuli mxardamWeri sistemebi aris strategiuli donis sainformacio 
sistemebi. gankuTvnilia proaqtiuli gadawyvetilebebis misaRebad. iyenebs rogorc Siga, 
ise gare informacias. axdens garemos analizs samomavlo gegmebisa da miznebis 
SesamuSaveblad. rogorc wesi, aseTi sistemebi gamosayeneblad unda iyos advili, 
agenerirebdes analitikur reportebs, unda Seicavdes gadawyvetilebis miRebis 
instrumentebs, kalendaluri dagegmvis komponents, eleqtronul fostas, situaciebis 
monitoringis elementebs, rogoricaa magaliTad, e.w. marTvis dafa (Dashboard), 
grafikuli instrumentebi da a.S. administraciuli mxardamWeri sistemebis magaliTia,  
dResdReobiT sakmaod popularuli biznesis analitikuri marTvis teqnologia (Business 
Inteligence – BI) [4]. 
Cvens mier SemoTavazebuli sistemaSi sqoringis modelis birTvia saswavlo sagnis 
silabusis Temebi. analitikuri instrumentiT studentebis jamuri Sefasebebi gamoisaxeba 
samganzomilebiani monacemTa modeliT. 




sagnis silabusis farglebSi, studentis mier sambaliani (dabali, saSualo, maRali) 
quliT Sefasdeba sagnis miwodebis komponentebi. leqciis TiToeuli TemisTvis 
ganazRvrulia Semdegi kriteriumebi: sakiTxi rTulia,  sakiTxi sainteresoa, axsna 
gasagebia, praqtikuli samuSao sakmarisia (dasaSvebia, kritreriumebis damateba). 
studentis mier Sefasebis ufleba SemosazRvruli iqneba daswrebis mixedviT.  
aseTi midgoma studentisTvis waxalisebis formatsac atarebs. igi iZens leqciisgan 
ara mxolod im codnas, rasac sagnis xelmZRvaneli dagegmavs, aramed uSualod 
monawileobs, TanamSromlobs codnis SeZenis midgomaSi da strategiaSi. aseve, studentma 
unda dainaxos realuri suraTi, rogoria misi daswrebis,  moswrebis, aqtivobisa da 
Sefasebebis dinamika sxva studentebTan SedarebiT, rogor viTardeba drois ganmavlobaSi, 
ra sakiTxis aTviseba gamorCa da a.S. leqtorisTvis ki mesijia swavlis miwodebis romeli 
komponenti an sagnis romeli sakiTxi gaaumjobesos, Secvalos da moargos akademiur 
jgufs. 
sistema agebulia leqtorisa da studentis momxmarebelTa matricis tipebad 
dayofili samomxmareblo interfeisebiT. sistemis samomxmareblo interfeisebis 




nax.1. Temis Sefasebis formirebis 





praqtikaSi, studentis sagnis interesisa da aTvisebis formebi sagZnoblad 
gansxvavdeba, rogorc wlebis dinamikaSi, ise studentebis qcevis urTierTSedarebiT. 
gamomdinare aqedan, studentebis Sexedulebebis formalizebuli instrumenti, 
statistikuri da sistemuri analiziT mniSvnelovnad Seuwyobs xels swavlebis xarisxis 
gaumjobesebis process. 
 





nax.2. dialoguri formis fragmenti - Sefasebis monitoringis dafa   
(studentis mxare) 
nax.3. dialoguri formis fragmenti - Sefasebis monitoringis dafa 
(leqtoris mxare) 
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DEVELOPMENT OF CLASSROOM ASSESSMENT PROCESS USING  
EXECUTIVE INFORMATION SYSTEMS  
Turkia Ekaterine, Jibuti David, Stomadova Sophio 
Georgian Technical University 
Summary 
Learning quality improvement attracts wide interest. All related discussions, research, and 
implementation of any form or direction of the learning process quality enhancement is of global 
importance, since the introduction of the right and effective techniques are directly reflected on the 
state’s progress. The main opinion about learning quality improvement process is based on the school 
administration and faculty. In reality, learning process is constantly being adjusted to market demands 
and the learning process assessment by students, analysis, and practical implementation plays less 
important role in it. The article discusses development and realization of classroom assessment 
techniques based on executive information systems’ scoring model. Domain of scoring model 
comprises syllabus topics. User expandable several criteria are offered as dimensions. Assessment is 
based on three-point system (low, medium, high). The results are presented on the user interface with 
help of graphical-analytical tools via two- and three-dimensional data models. The designed system 
assumes the active involvement of students in the learning process strategy. As an illustration, the 
article presents user-form samples, organized by user’s type - teacher and student. 
 
 
АВТОМАТИЗАЦИЯ ПРОЦЕССА ОЦЕНКИ АУДИТОРИИ С ИСПОЛЬЗОВАНИЕМ 
УПРАВЛЕНЧЕСКИХ ИНФОРМАЦИОННЫХ СИСТЕМ 
Туркия Е., Джибути Д., Стомадова С. 
Грузинский технический университет 
Резюме 
Рассматриваются вопросы разработки и реализации скоринговой модели методов оценки 
аудотории на основе административных информационных систем с целью улучшения качества 
преподавания. В качестве  домена в скоринговой модели рассматривается темы силлабуса. 
В виде измерения представлены несколько критериев, которые могут расширяться 
пользователем. Оценка фокусируется на трехбалльной системе (Низкий, средний и высокий). 
На пользовательском интерфейсе результаты представлены в виде графо-аналитических 
инструментов с помощью двух- и трехмерных моделей данных. Реализованная система 
предусматривает активное участие студентов в процессе планирования обучения. В качестве 
иллюстрации в статье представлены образцы пользовательских форм, организованные по типу 
пользователя - лектора и студента. 
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unificirebuli modelebis ageba tvirTebis multimodaluri  
gadazidvebis biznesprocesebis marTvisaTvis 
giorgi surgulaZe, lia petriaSvili, maia oxanaSvili,  
marine bitaraSvili 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba tvirTebis multimodaluri gadazidvebis biznesprocesebis menejmentis 
problemebi da amocanebi. kerZod yuradReba gamaxvilebulia eqspeditoruli samsaxuris 
biznesprocesebis modelirebisa da avtomatizaciis srulyofis sakiTxebze Tanamedrove 
kompiuteruli teqnologiebis safuZvelze. agebulia multimodaluri gadazidvebis UML 
diagramebi obieqtorientirebuli midgomebis safuZvelze. agreTve SemoTavazebulia 
multimodaluri gadazidvebis biznesprocesebis mxardamWeri sistemis infrastruqtura. 
daproeqtebulia saproblemo sferos marTvis sainformacio sistemis struqtura monacemTa 
bazis, monitoringis da gadawyvetyilebis miRebis blokebis erTobliobiT. 
sakvanZo sityvebi: informatika. marTvis avtomatizebuli sistemebi. programuli 
inJineria.  
1. Sesavali 
tvirTebis multimodaluri gadazidvis biznesprocesebi  dakavSi-rebulia  
transportis ori an meti saxeobis gamoyenebasTan [1,2]. saerTaSoriso Tu adgilobrivi 
masStabebis gadazidvebis ganxorcielebaSi monawileobs ramdenime saxeobis transporti, 
amitomac masSi aucileblad gavlenas iqoniebs TiToeuli saxeobis, rogorc dadebiTi, iseve 
uaryofiTi Tvisebebi. ar unda CavTvaloT, rom radgan gadazidva multimodaluria, igi 
raimenairad amcirebs im riskebs, romlebic integrirebulia TiToeuli, calkeuli saxeobis 
transportis gamoyenebaSi [3].  
winamdebare angariSSi ganixileba tvirTebis gadamzidav organizaciebs (eqspeditorebi), 
maT damkveTebsa (klientebi) da satransporto saSualebaTa mflobelebs (gadamzidavi, 
transportiori) Soris arsebuli saerTaSoriso normativebiT gansazRvruli 
biznesprocesebis modelirebis sakiTxebi, romelTa safuZvelzec unda ganxorcieldes am 
procesebis avtomatizacia da monitoringi.  
gadamzidavi kompaniebis ZiriTad saqmianobas tvirTebis eqspedireba warmoadgens. 
sayovelTaod miCneulia, rom saeqspeditoro sfero msoflioSi masStabiT xasiaTdeba 
rogorc maRalfragmentirebuli, mravali monawiliTa da maT Soris sxvadasxva saxis 
urTierTqmedebebiT [4].  
dReisaTvis eqspeditori kompaniebis saqmianobis umetesi nawili sruldeba qaRaldze, 
vinaidan saoperacio saqmianobaSi gamoiyeneba didi raodenobiT saerTaSoriso Tu 
adgilobrivi dokumentacia, rac SeuZlebels xdis aRniSnuli tipis saqmianobis gverdis 
avlas. eqspeditorul saqmianobas  axasiaTebs agreTve mravali operaciuli proceduris 
Sesruleba, rasac xSirad saWiroze meti dro miaqvs, isev da isev gamomdinare iqidan, rom 
masSi figurirebs didi raodenobiT dokumentebTan dakavSirebuli saqmianoba. 
rac Seexeba espeditoris saqmianobas gare organizaciebTan (magaliTad,  mwarmoeblebi, 
mimwodeblebi, damkveTebi, distributori Tu sxva), arc aq aris saqme saxarbielod, radgan 
ara marto saqarTveloSi, aramed bevr sxva, ganviTarebul qveyanaSic ki situacia sakmaod 
mZimea im TvalsazrisiT, rom dRemde ar eTmoba saTanado yuradReba imas, rom eqspeditorebsa 
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da sxva kompaniebs Soris xorcieldebodes Seuferxebeli da saimedo eleqtronuli saxiT 
informaciis mimocvla.  
amitomac tvirTebis gadazidvebis operaciul saqmianobaSi xSiria araefeqturi 
gadawyvetilebebi, rac proaqtiuli da informaciaze dayrdnobiT gadawyvetilebaTa miRebis 
sferoSi damabrkolebel faqtorad gvevlineba. 
tvirTebis transportirebis optimizciis sakiTxebSi swori gadawyve-tilebebis 
misaRebad gasaTvaliswinebelia mravali faqtori, romlebic exmareba menejers miiRos 
optimaluri gadawyvetileba. magaliTad, aseT faqtorebs miekuTvnebaa: gadazidvis 
Rirebuleba; tvirTis Rirebuleba; gadazidvis dro; gadazidvebis saimedooba; gadazidvis 
regularuli xasiaTi; mocemuli transportis saxeobis teritorialuri xelmisa-wvdomoba 
da a.S. 
2. ZiriTadi nawili 
multimodaluri transportirebis saproblemo sferos obieqt-orientirebuli 
analizisa da daproeqtebis teqnologiebis gamoyenebis safuZvelze Catarda marTvis 
sainformacio sistemis agebis koncefciis SemuSaveba.  
rogorc eqspeditor-menejeris funqciuri amocanebis formalizaciam da biznes-
procesebis modelirebam gviCvena, tvirTebis gadazidvis aseTi kompleqsuri, saerTaSoriso 
kanonmdeblobaze dafuZnebuli sistema aris sakmaod rTuli da didi sistema, romlisTvisac 
damaxasiaTebelia, erTi mxriv, aRniSnuli procesebis realizaciisaTvis mravalferovani 
teqnikur-teqnologiuri resursebis infrastruqturis arseboba da, meore mxriv, 
organizaciuli, samarTlebrivi, finansuri da sakadro uzrunvelyofaTa mxardaWera. 
Tanamedrove sakomunikacio teqnikisa da informaciuli teqnologiebis bazaze sul 
ufro viTardeba da ixveweba aseTi didi masStabebis mqone transportirebis usafrTxo 
mxardamWeri sistemebis Seqmna.  
1-el naxazze naCvenebia multimodaluri gadazidvebis biznesprocesebis menejmentis 
mxardamWeri avtomatizebuli sistemis savaraudo infrastruqturis sqema, romlis 
realizacia, Cveni TvalsazrisiT, mniSvnelovnad Seuwyobs xels aseTi procesebis  
monitorings da maT operatiul marTvas [5]. 
 
nax.1. multimodaluri gadazidvebis biznesprocesebis marTvis  sainformacio sistemis 
infrastruqturis sqema 
GPS  -  globaluri adgilmdebareobis ganmsazRvreli sistema,  
DGPS - diferencirebuli globaluri adgilmdebareobis ganmsazRvreli sistema,  
GSM  - globaluri sistema mobiluri komunikaciisTvis 
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me-2 naxazze naCvenebia Visual Studio.NET garemoSi UseCase diagramis fragmenti, 
„klienti - eqspeditori - gadamzidavi“ rolebiT da maTi funqciebiT.  
 
nax.2. UseCase - diagrama multimodaluri gadazidvebis sistemisTvis 
 
Semdeg etapze TiToeuli ovalisTvis (rolis funqciisTvis) avageT qmedebaTa 
diagramebi (aqtiurobaTa diagramebi _ Activity-D). me-3 naxazze naCvenebia Solution Explorer-
is proeqtze Add new Item funqciiT 
miRebuli fanjara, sadac unda 










me-4 naxazze warmodgenilia multimodaluri gadazidvebis sistemis mTliani 
aqtiurobaTa diagrama, biznes-procesebiT da biznes-wesebiT.   
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nax.4-a. mmg-is sistemis aqtiurobaTa diagrama (dasawyisi) 
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nax.4-b. mmg-is sistemis aqtiurobaTa diagrama (gagrZeleba) 
 
momdevno etapze avageT ZiriTadi rolebis (klienti, eqspeditori da gadamzidavi) 
interaqtiul qmedebaTa scenarebi, anu mimdevrobiTobis diagramebi (Sequence-D). me-5 naxazze 
mocemulia „klientis“ (tvirTis mesakuTris) mimdevrobiTobis diagrama. marTkuTxedebi 
asaxavs klasis obieqtebs, romelTanac mas aqvs urTierTqmedeba Setyobinebebis gacvlis 
doneze, romlis safuZvelzec unda amoqmeddes Sesabamisi klasis meTodebi (garkveuli 
funqciebis Sesasruleblad).   




nax.5. Sequence-D rolisaTvis „Clienti” 
 
naSromSi damuSavebulia agreTve eqspeditoris da gadamzidavebis scenarebis mimdevro-
biTobis diagramebi. 
erT-erTi mniSvnelovani modelia klasebis diagrama, romelic me-6 naxazzea warmod-
genili Cveni proeqtisTvis. misgan SesaZlebelia Visual Studi. NET garemoSi Sesabamisi 
programuli kodis avtomaturi generacia (nax.7).  
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klasebis diagramis agebis Semdeg SesaZlebelia misgan programuli kodis generaciis 
Sesruleba, rac mniSvnelovnad amartivebs sistemis programuli uzrunvelyofis Seqmnas 
(nax.6). 
 
nax.7. C# kodis generacia multimodaluri gadazidvebis  
klasebis diagramisaTvis 
bolos SemuSavebulia aRniSnuli klasebis Client.cs, Expedritori.cs, Shekveta1.cs, 
Shekveta2.cs, Transporti.cs, Transportiori.cs da Tvirti.cs  C#-kodebi. erT-erTi listingis 
fragmenti, romelic avtomaturad aago kompiuterulma programam, mocemulia qvemoT. 





public class Expeditori 
{ 
     public virtual int ExpID { get;  set; } 
     public virtual string FirmName  {get; set; } 
     public virtual string Misamarti  { get; set; } 
     public virtual string eMaili { get; set; } 
     public virtual string Tel_Mob {  get; set;  } 
     public virtual string Qveyana {  get; set;  } 
     public virtual void Insert() { throw new System.NotImplementedException(); } 
     public virtual void Update() { throw new System.NotImplementedException(); } 
     public virtual void Delete() { throw new System.NotImplementedException(); } 
} 
3. daskvna 
tvirTebis multimodaluri gadazidvebis sfero progresulad viTardeba mTel 
msoflioSi da misi efeqturi menejmentis ganxorcieleba didadaa damokidebuli Sesabamisi 
biznesprocesebis avtomatizaciaze, rac udavod aqtualuri samecniero-praqtikuli 
mimarTulebaa rogorc saerTaSoriso TvalsazrisiT, aseve konkretulad saqarTvelos 
satransporto-satranzito derefnis gafarToebis mizniTac.  
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tvirTebis multimodaluri gadazidvebis amocana mravalkriteriumiani optimizaciis 
amocanaTa klass miekuTvneba, romelTa gadawyveta SesaZlebelia Sesabamisi derterminis-
tuli, stoqastikuri an imitaciuri modelebis safuZvelze. winaswar unda moxdes 
saproblemo sferos sistemuri, obieqt-orientirebuli analizis Catareba, aigos Sesabamisi 
marTvis sainformacio sistemis infrastruqtura monacemTa bazebis, monitoringis da 
gadawyvetyilebis miRebis blokebis erTobliobiT. aseTi modelebis agebis programuli 
uzrunveyofis Seqmnis developmenti unificirebuli modelirebis teqnologiebis 
safuZvelze metad aqtualuria.  
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CONSTRUCTION OF UNIFIED MODELS FOR BUSINESS PROCESSES OF 
MULTIMODAL FREIGHT TRANSPORTATION MANAGEMENT 
Surguladze Giorgi, Petriashvili Lily, Okhanashvili Maia,  
Bitarashvili Marine 
Georgian Technical University 
Summary  
The present article discusses problems of managing business processes of multimodal freight 
transportation. Article presents analysis of types of multimodal shipments with emphasis on modeling 
and improving automation of business processes of a freight forwarding business based on modern 
information technologies. UML diagrams of freight forwarding has been developed based on object-
oriented approach. Infrastructure of management information system of the problem area has been 
designed with database, monitoring and decision making blocks. 
 
ПРОЕКТИРОВАНИЕ УНИФИЦИРОВАННЫХ МОДЕЛЕЙ ДЛЯ УПРАВЛЕНИЯ 
БИЗНЕСПРОЦЕССАМИ МУЛЬТИМОДАЛЬНОГО ПЕРЕВОЗКИ ГРУЗОВ 
Сургуладзе Гиорги, Петриашвили Л., Оханашвили М.,  
Битарашвили М. 
 Грузинский Технический Университет   
Резюме 
Рассматриваются вопросы управления бизнес-процессами мультимодальных перевозок 
грузов. Представлены анализ типов мультимодальных перевозок с акцентом на моделирование 
и совершенствование автоматизации бизнес-процессов транспортно-экспедиторского бизнеса на 
основе современных информационных технологий. Разработаны UML диаграммы транспортной 
перевозки грузов на основе объектно-ориентированного подхода, а также инфраструктура 
автоматизированной информационной системы управления проблемной областью с базой 
данных, системой мониторинга и блоков принятия решений.  




monacemTa bazis daproeqtebis avtomatizacia  
Savi zRvis ekologiuri sistemisTvis 
gia surgulaZe, nino Tofuria, ana gavardaSvili, marina kaSibaZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba Savis zRvis saqarTvelos akvatoriaSi ekologiuri sainformacio sistemis 
monacemTa multimediuri bazis avtomatizebuli daproeqtebis amocana. ganisazRvra is 
obieqtebi, romlebic aRwers sintaksurad da semantikurad zRvis ekosistemis ZiriTad 
parametrebs, kerZod: zRvis parametrebi, mdinare, estuari, mowyvladi ubani, GPS-
koordinatebi, sensituri ubani, wylis sinjis faqtorebi da a.S. agebul iqna zRvis 
ekosistemis konceptualuri modeli obieqt-roluri modelirebis instrumentis 
gamoyenebiT. igi Teoriulad efuZneba kategorialuri midgomis (enis gramatikuli wesebi) 
da maTematikuri logikis (algebris) erTobliv gamoyenebas. Savi zRvis ekosistemis 
eqsperimentuli monacemTa baza agebul iqna Ms SQL Server 2012 paketiT,  xolo momxmareblis 
interfeisi bazis mxardasaWerad ki - MsVisual Studio.NET 2013 integrirebul garemoSi.M  
sakvanZo sityvebi: Savi zRva. mdinare. estuari. ekologia. monacemTa baza. monitoringis 




Savi zRvis ekologiuri sakiTxebis mecnieruli kvleva da misi prognozireba 
Tanamedrove kompiuteruli teqnikisa da programebis  gamoyenebiT saqarTvelosaTvis metad 
aqtualuria, igi warmoadgens qveynis  strategiul mimarTulebas, xolo Savi zRvis sanapiro 
zolisa da misi mimdebare  teritoriebis SenarCuneba da dacva qveynis mTavrobas aRiarebuli 
aqvs rogorc saxelmwifos prioritetuli mimarTuleba [1]. 
kvlevis mecnieruli siaxlea saqarTvelos sazRvrebSi arsebuli Savi zRvis 
akvatoriaSi, ZiriTadi mdinareebis estuarebsa da mis mimdebare teritoriebze zRvis 
sanapiro zolSi axali mowyvladi ubnebis dafiqsireba GPS  kordinatebSi da maTi datana 
cifrul rukaze, Savi zRvis wylis savele-samecniero da laboratoriul-qimiuri  kvleva, 
monacemTa axali bazis Seqmnis mizniT miRebuli statistikuri rigis Sefaseba da damuSaveba 
Tanemedrove kompiuteruli programebis MIKADO, NEMO, ODV da DIVA-s gamoyenebiT da 
bolos, Savi zRvis ekologiuri parametrebis kvleva obieqt-orientirebuli multimediuri 
monacemTa bazis safuZvelze [2]. 
ganxorcielebuli mecnieruli kvleva saSualebas mogvcems SevafasoT Sav zRvaSi 
ZiriTadi  ekologiuri parametrebi, davazustoT maTi raodenobrivi da Tvisobrivi 
maxasiaTeblebi, klimatis globaluri cvlilebis fonis gaTvaliswinebiT davazustoT zRvis 
sanapiro zolis axali mowyvladi ubnebi geografiuli GPS koordinatebis mixedviT,  rac 
Semdeg etapze saSualebas mogvcems kompleqsurad Sevafasod Savi zRvis ekologiuri 
problemebi da daigegmos misi sanapiro zolisa da mimdebare teritoriebis ekologiuri 
usafrTxoebis  RonisZiebebi. 
ganxorcielebuli mecnieruli kvleva saSualebas mogvcems SevafasoT Sav zRvaSi 
ZiriTadi  ekologiuri parametrebi, davazustoT maTi raodenobrivi da Tvisobrivi 
maxasiaTeblebi, klimatis globaluri cvlilebis fonis gaTvaliswinebiT davazustoT zRvis 
sanapiro zolis axali mowyvladi ubnebi geografiuli GPS koordinatebis mixedviT,  rac 




Semdeg etapze saSualebas mogvcems kompleqsurad Sevafasod Savi zRvis ekologiuri 
problemebi da daigegmos misi sanapiro zolisa da mimdebare teritoriebis ekologiuri 
usafrTxoebis  RonisZiebebi. 
2. ZiriTadi nawili 
 
Cveni kvlevis saproblemo sferoa Savi zRvis ekologiuri sistema, kerZod misTvis 
monacemTa bazis daproeqteba. sawyis etapze saWiroa ganisazRvros is obieqtebi, romlebic 
aRwers sintaksurad da semantikurad zRvis ekosistemis ZiriTad parametrebs. Cvens mier 
Catarebuli sistemuri analizis safuZvelze, romelic xorcieldeboda mimdinare saangariSo 
periodSi, gamoikveTa Semdegi obieqtebi:   
• zRva(SeaID, Name, Length_EastWest, Length_NorthSouth,Area, Water_volume,  
           Average_depth, Max_depth) 
• mdinare( RiverID, mdinaris_dasaxeleba, wyalSemkrebi_auzis_farTobi, km2,  
          absoluturi_niSnuli, m, mdinaris_sigrZe, km, saSualo_qanobi, i,  
                    auzis_saSualo_simaRle_monakveTze, m, Camonadenis_saSualo_moduli, 
              l/wm.km2, saSualo wliuri xarji m3/wm) 
• estuari(EstuarID, RiverID, CoordGPSx, CoordGPSy, Area) 
• mowyvladi_ubani(Vulnerable_districtsID, CoordGPSx, CoordGPSy, Area, T1/T2, pH, TDS) 
• GPS_koordinatebi(CoordGPSx, CoordGPSy) 
• sensitiuri_ubani(SensitiveAreasID, CoordGPSx, CoordGPSy) 
• ubani(DistrictID, Name, CoordGPSx, CoordGPSy, Area, T1/T2, pH, TDS) 
• wylis_sinjis_faqtorebi(WaterTestID, WaterT1, AirT2, Water_acidityPH,            
                                                                      WaterSalinityTDS)  
• eko_usafrTxoebis_RonisZieba(ActionID, Name, DateBegin, DateEnd,  … ) 
• da a.S. 
monacemTa bazis daproeqteba ganvaxorcieleT obieqt-roluri modelirebis principebis 
safuZvelze da misi instrumentis gamoyenebiT. esaa Natural ORM Architect paketi, romelic 
Tavsebadia Visual Studio.NET Framework integrirebul sistemasTan [3].     
konceptualuri modeli (ORM) an sqema aris saproblemo sferos ZiriTad terminTa 
erToblioba da maT Soris kavSirebi, romlebic asaxavs sakvlevi sferos biznesprocesebs 
da bizneswesebs. igi Teoriulad efuZneba kategorialuri midgomis (enis gramatikuli 
wesebi) da maTematikuri logikis (algebris) erTobliv gamoyenebas [4]. 
aseTi midgoma Cadebulia NORMA-instrumentSi, romelic damkveT-momxmareblis 
codnas dasaproeqtebeli obieqtebis Sesaxeb gadaitans e.w. obietebis, maTi Tvisebebis da 
predikatebis (binaruli,... , n-aruli) saxiT. 
obieqtebis aRwera momxmareblis mier xdeba NORMA paketis samuSao interfeisiT da 
Seitaneba jer erTi obieqti, Semdeg meore da a.S. bolos TviT NORMA-sistema gvaZlevs 
integrirebul konceptualur models, romelic 1-el naxazzea naCvenebi. sailustraciod 
aRvwereT sami obieqti: „mdinare“ (River), „estuari“ (Estuar) da „ubani“ (District). maT Soris 
kavSirebi agebulia „has“ („is”, „works” da sxv.) predikatebiT. 
SesaZlebelia SedegSi iyos uzustobebi, romlebic qselis modifikaciis reJimSi 
advilad swordeba TviT momxmareblis mier manam, sanam ar miiReba saboloo momxmareblis-
aTvis misaRebi konceptualuri sqema. 




nax.1. konceptualuri sqema - ORM  
Semdegi etapi exeba ORM-modelis (konceptualuri sqemis) safuZvelze arsTa-
damokidebulebis modelis (Entity-Relationship Model), anu ERM - meore donis konceptualuri  
sqemis damuSavebas (pirvelis safuZvelze). me-2 naxazze naCvenebia am sqemis klasikuri 
varianti, romelic miiReba uSualod Visual Studio.NET garemoSi avtomaturad NORMA 




nax.2. konceptualuri sqema – ERM (barkeris modeli) 
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AUTOMATION OF DATABASE CONSTRUCTION  FOR  
ECOLOGICAL SYSTEM OF BLACK SEA 
Surguladze Gia, Topuria Nino, Gavardashvili Ana, Kashibadze Marina  
Georgian Technical University 
Summary  
Considered of multimedia data base computer aided design task for ecological information system 
in Georgia's Black Sea waters.  Determined objects, which describes the syntax and semantic Sea 
ecosystem of the main parameters, particular: Sea parameters, River, Estuary, Vulnerable districts, GPS-
coordinates, Sensitive areas, Water sampling factors, etc. Object-role modeling tool using was built a 
conceptual model of Black Sea ecosystem. Theoretically, it is based on a joint use of the categorial 
approach (language grammar rules) and mathematical logics (algebra). Experimental data base of the 
Black Sea ecosystem is implemented on the Ms SQL Server 2012, and user interfaces to maintain 
database constructed in an integrated environment, the Ms Visual Studio.NET 2013. 
 
 
АВТОМАТИЗАЦИЯ ПРОЕКТИРОВАНИЯ БАЗ ДАННЫХ ДЛЯ  
ЭКОЛОГИЧЕСКОЙ СИСТЕМЫ ЧЕРНОГО МОРЯ 
Сургуладзе Г., Topuria Н., Гавардашвили А., Кашибадзе М.  
Грузинский Технический Университет  
Резюме 
Рассматривается задача автоматизированного проектирования мультимедийной базы 
данных для экологической информационной системы Черного моря в акватории Грузии. 
Определены объекты, которые синтаксически и семантически описывают основные параметры 
экосистемы моря, а именно: параметры моря, реки, эстуарий, уязвимые районы, GPS-
координаты, факторы отбора проб воды и т.д. Использованием инструмента Объектно-ролевого 
моделирования была построена концептуальная модель экосистемы Черного моря. 
Теоретически, она основана на совместном использовании категориального подхода (правила 
грамматики языка) и математической логики (алгебры). Экспериментальная база данных 
экосистемы Черного моря реализована на Ms SQL Server 2012, а интерфейсы пользователей для 
ведения БД построены в интегрированной среде Ms Visual Studio.NET 2013. 
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DIAGNOSTIC TASKS SOLVING ALGORITHMS OF COMPUTER-BASED  
EXPERT SYSTEM FOR DIAGNOSIS OF MAXILLOFACIAL DISEASES 
Manukov Sergo, Manukov Mikheil, Tevdoradze Medea 
Georgian Technical University 
Abstract  
The use of computer-based systems for diagnosis of maxillofacial diseases is becoming 
increasingly important in recent years. Difficulties in the creation of such intelligent diagnostic 
systems, are caused not only by the fact, that the clinical knowledge in the diagnostics of maxillofacial 
diseases field is difficult to systematize. The absence of a specific methodological approach in the 
diagnosis, blurring the boundaries descriptions symptomatic picture of diseases leads to ambiguous 
and contradictory description of the clinical picture of the patient’s pathological condition. An 
accurate diagnosis based on scientific studies of this processes required , therefore the ability to get 
through differential diagnosis with similar diseases and the use of clinical knowledge embedded in the 
knowledge base of the system, what significantly facilitates routine of dentist-specialist. In the given 
article there are presented algorithms of work for expert systems for diagnosis of maxillofacial 
diseases 
Keywords: expert systems. Diagnosis in dentistry. Working algorithms.  
1. Introduction 
Currently, a lot of information and expert systems are used in the field of diagnosis of diseases 
in the maxillofacial area. However, the use of information systems remains unsolved questions of 
principle relating to the withdrawal of the diagnosis. Such as the problem of the study of influence of 
features (semantics), diseases of the maxillofacial region in the structure of the mechanism for setting 
the diagnosis. And as a consequence, the methods used by the generation of diagnostic solutions do 
not allow an accurate diagnosis. 
2. Main Part 
The process of operation of computer-based expert diagnostic system can be described by the 
following sequence of algorithms. At the start of the system is determined by the user level in the 
system. There are three groups of users. "Hospital Administrator", "Dentist", "The expert of 
diagnostics". Thus, there are three modes of operation of the system(Fig. 1.). Let us consider user 
group of the algorithm "Administrator Clinic" (Fig. 2).  
Fig.1. Operating modes 
169 
 

















Fig.2. User group "Hospital Administrator" working algorithm 
In block 1 "Description microsituations" is used to enter all clinical information about the 
patient. In block 2 - assignment to the active level of value - META level in the semantic network 
model in KB. In block 3 is conducted to summarize the operation of all the facts  of the initial 
microsituations. Next in block 4 is conducted comparing the operation with all the descriptions  of 
the active level. As a result determined by the set of coordinates of tolerance. In block 5 is determined 
by the maximum coordinate vector tolerance. Next, in block 6 the active level is checked whether it is 
the last, i.e. micro level. In block 7 made the transition to the next level of detail, otherwise the system 
refers to the unit 8, which is carried out differential diagnosis of these solutions. If necessary, missing 
symptom input (block 9), complemented microsituations missing symptom in block 11, otherwise 
proceed to block 10 where the diagnostic decisions made formation. Further, the output unit 12 is 
performed diagnostic decisions. The block 13 is set generated solutions need explanation. In block 14, 
the system prompts the user for information to determine possible explanation solutions. In the next 
step in block 15 is performed explanation diagnostic solutions. 
In block 16 is determined by the adequacy of explanations decision. In case of failure an 
explanation to the user proceeds to block 17, which provides additional information for making the 
explanation decision. Let us consider additional training algorithm for the system user "The expert on 
diagnosis" (Fig.4). 
The role of this group of users, refer to the 
operation system scripts. Enter administrative data, 
as described in section 1, includes the complete 
data about the clinic and the doctors. When a 
patient in the clinic (branch) in Block 2 is 
determined by the patient's intent, goal: counseling 
or treatment. In block 3 determines whether there is 
a basis of information about the patient clinic data. 
Extraction of patient data, ie, patient card is carried 
out in the block 4. Further, the block 5 is carried 
out patient registration, which includes filling the 
passport of the patient card. In block 6, a 
determination of the attending physician in view of 
its expertise, free time and the desire of the patient. 
In block 7 made administrative changes: changes in 
the schedule of doctors, the addition or removal of 
the doctors in the clinic records, etc. Here is a 
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Fig.4. Users group "The expert of diagnostics "working algorithm 
The algorithm includes a correction, addition and 
modification of clinical information in the knowledge base 
system. Once logged in, "The expert on diagnosis" makes 
viewing the knowledge base (block 1). Further, the block 3 
is done editing the knowledge base. The need to continue 
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Consider the specific algorithms of some units, as described in the above algorithms. The 










Fig.5. The algorithm of the initial process microsituations description 
 
Fig.6. Generalization algorithm 
The algorithm unit procedure 
"generalization" of the same algorithm is 
shown in (Fig. 6.). 
In block 1 is used to enter of the facts 
of As and indicated α th level of 
generalization. In block 2 are defined fuzzy 
linguistic values. In block 3 is used to enter 
fuzzy properties. The unit 4 searches in 
graphs FLM properties from the knowledge 
base. In block 5 is determined FLM. In a 
determination unit 6, corresponding to FT 
scale. In block 7 searches the target value of 
the model. Next, in block 8 are defined a set 
of objects and values of the knowledge base 
of relevant objects and clear values. In block 
9, respectively, the level of generalization in 
the knowledge base and the values are objects 
including a plurality of objects defined in the 
preceding block. 
In block 10 are defined the 
characteristics of objects α level . If in the 
knowledge base present such characteristics, 
then proceeds to block 12 where the level of α 
facts formed. Otherwise, in block 11 is 
performed an appeal to the user "The expert 
on diagnosis" for the purpose of additional 
training. 
 
In block 1 is used to enter the clinical 
facility, then the system's knowledge base in 
search of all kinds of properties being 
introduced object (block 2). Enter the 
necessary properties is made in block 3. The 
block 4 is searched all possible values stored 
in the system of knowledge properties 
introduced above. In block 5 is made entering 
the desired value. Formation of symptomatic 
facts carried out in block 6. In block 7 checks 
whether there is another symptom entry. The 
unit 8 is carried out forming a plurality of 
































Fig.8. The algorithm of differential diagnostics of decisions 
Block 4 algorithm "Comparison   
with descriptions of the active level," 
presented at the (Fig. 7.). The purpose of this 
block is the set of facts comparison with all 
descriptions  and formation.  In block 1 is 
used to enter general description and 
descriptions on active α level 
management model. In block 2, the choice 
of the initial description. In block 3 
defines two descriptions for comparison. 
The unit 4 is made to build a matrix 
tolerance. Combining elements of the 
matrix is performed in the block 5. The 
unit 6 determines whether there is another 
description of the active level. In block 7 
formed vector active tolerance level. In 
block 8 moves to the following 
description of the active level. 
 
Block 8 "Differential diagnosis 
solutions" algorithm of the user group 
"dentist" can be represented in the form (Fig. 
8.). In block 1 is used to enter the micro-level 
diagnostic solutions. 
In block 2 is selected first diagnostic 
solution. In block 3 made reference to the 
table of differential diagnosis of the 
knowledge base. alternative for tackling other 
diagnostic solutions are defined in section 4. 
In block 5 selects all the facts that share 
descriptions of active diagnostic solutions and 
alternatives. In block 6 checks for certain 
symptomatic facts in describing the initial 
microsituations. If there is symptomatic these 
facts, the conversion unit 7 is carried 
coordinates. The unit 8 is carried out forming 
a plurality of missing symptomatic facts. 
In the absence thereof, in unit 9 checks 
whether there is another diagnostic solutions 
for the differential diagnosis. In block 10, the 
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Submit a detailed block 10 by the following algorithm (Fig. 9.) in block 1 is used to enter all the 
received diagnostic solutions. In the case of the presence of more than one diagnostic solution 
proceeds to block 3, where available diagnostic solutions combined into a complex diagnostic 
solution. Otherwise a transition to the block 5. In block 6, the user moves to the "expert in the 
diagnosis" to additional training system. At box 7, considering the data of the previous block is carried 
on the diagnostic decisions forming the active layer. In block 8 moves to the next level. In block 9 
checked the level corresponding to the active. If the active level - micro then proceeds to block 10 
where the output of the tuple is carried out diagnostic solutions. 
Fig.9. The algorithm of the formation of diagnostic solutions 
In block 15, the user of the algorithm - "the dentist" made a table explaining the formation of 
diagnostic solutions.  
This unit will present the following algorithm (Fig. 10). In block 1 is used to enter the level of 
explanations and diagnoses, which are to be explained. In block 2 checks for more than one diagnosis. 
In the case of the presence of a diagnosis to be an explanation (unit 3), defined by symptomatic 
generalized facts to the active level.  
Next in block 4 are output of the facts as an explanation for the decision in a sequence specific 
measures of tolerance. In the case of the presence of more than one diagnosis to be an explanation in 
Block 5, we construct a table explaining the decision. In block 6 are output table with symptomatic 
facts explaining diagnostic solutions 
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Fig.10. Algorithm of decision explanation process 
 
3. Conclusion  
 
On the bases on all above mentioned questions it is possible to make conclusion  that for proper 
work of expert system in stomatology it is very important to develop correct algorithms for a sequence 
of output of diagnostic decision, differential diagnosis and an explanation of diagnostic solutions. 
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АЛГОРИТМЫ РАБОТЫ ЭКСПЕРТНОЙ СИСТЕМЫ ДИАГНОСТИКИ  
ЗАБОЛЕВАНИЙ ЧЕЛЮСТНО-ЛИЦЕВОЙ ОБЛАСТИ 
Мануков Серго, Мануков Михаил, Тевдорадзе Медея 
Грузинский Технический Университет  
Резюме 
Использование экспертных систем в диагностике заболеваний челюстно-лицевой области 
(ЧЛО) в последние годы становится все более актуальным. Трудности, возникающие при 
создании подобных интеллектуальных систем диагностики, обусловлены не только тем, что 
клинические знания в области диагностики заболеваний ЧЛО сложно систематизировать. 
Отсутствие конкретного методологического подхода в диагностике, размытость границ 
описаний симптоматологической картины заболеваний приводит к неоднозначному и под час 
противоречивому описанию клинической картины патологического состояния пациента. 
Постановка точного диагноза на основе изучения необходимых в процессе диагностики 
симптомов и проявлений заболеваний в ЧЛО, способность проведения дифференциального 
диагноза с похожими заболеваниями и использование клинических знаний, заложенных в базу 
знаний системы, значительно облегчит деятельность специалиста-стоматолога. В данной 
работе предлагаются алгоритмы работы экспертной системы для диагностики заболеваний 
челюстно-лицевой области. 
yba-saxis daavadebaTa diagnostikis eqspertuli sistemis  
muSaobis algoriTmebi 
sergo manukovi, mixeil manukovi, medea TevdoraZe 
saqarTvelos teqnikuri universiteti 
reziume 
eqspertuli sistemebis gamoyeneba yba-saxis daavadebaTa diagnostikaSi bolo wlebSi 
xdeba sul ufro aqtualuri. sirTuleebi, romlebic warmoiSveba msgavsi inteleqtua-
luri sistemebis Seqmnis dros ganpirobebulia ara marto imiT, rom am sferos klinikuri 
codnis sistematizacia rTulia. ar arsebobs konkretuli meTodologiuri midgoma 
diagnostirebisadmi, ara mkafioa daavadebis simtomaturi suraTis sazRvrebi, rasac 
mivyevarT pacientis paTologiuri mdgomareobis klinikuri suraTis araerTgvarovan da 
xSirad urTierT sapirispiro aRwerasTan. zusti diagnozis dasma simptomebis d 
daavadebis gamovlenebis Seswavlis safuZvelze, diferencialuri diagnostirebis Catarebis 
SesaZlebloba da klinikuri codnis gamoyenebis SesaZlebloba, romlebic moTavsebulia 
sistemis codnis bazaSi, amartivebs stomatologis saqmianobas. mocemul naSromSi 
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regionis ekonomikuri resursuzrunvelyofis Sefasebis  
sainformacio sistema 
guram CaCaniZe, aleqsandre yviralaSvili 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba regionis resursuli uzrunvelyofis marTvis sakiTxebi. SemoTavazebulia 
ekonomikuri meTodi. statistikuri samuSaoebis programa da statistikuri maCveneblebis 
Semadgenloba moicavs regionuli ekonomikuri sistemis resursebis marTvisaTvis da gad-
awyvetilebis miRebis aucilebel monacemebs. ekonomikuri resursuzrunvelyofis Sefasebis 
sainformacio sistemisaTvis ZiriTadi monacemebi aRebulia regionSi resursis nakadis  
optimizebisa da prognozirebiT miRebuli Sedegebidan. resursis nakadis optimizaciis 
mizniT gamoiyeneba satransporto tipis amocanas, xolo prognozisaTvis aigeba regresuli 
saxis maTematikuri modeli. 
sakvanZo sityvebi: regioni. resursebi. marTva. ekonomikuri modeli. gadawyvetilebis 
miReba. sainformacio sistema. optimizacia. prognozireba. satransporto amocana.  
regresuli maTematikuri modeli.    
1. Sesavali 
regionis ekonomikuri sistemis resursuzrunvelyofis Sefasebis meTodikis sa-
fuZvels warmoadgens statistikuri monacemebis damuSaveba, rac uzrunvelyofs meTodis 
simartivesa da misi warmoebaSi danergvis xarjebis minimalur odenobas. 
statistikuri monacemebi da winaswar gansazRvruli ekonomikuri maCveneblebi 
saSualebas iZleva Sefasdes regionuli ekonomikis resursuzrunvelyofis done, romlis 
analizis safuZvelze SeiZleba miRebuli iqnes maRali xarisxis gadawyvetileba. 
aRniSnul meTodikaSi gansazRvrulia dekompozicia (dayofa) regionis resursebis 
saxeobis mixedviT da efuZneba sistemis statistikur maCveneblebs, romelic gamoiyeneba 
regionSi socialur-ekonomikuri ganviTarebis donis Sesafaseblad. ra Tqma unda, am 
maCveneblebis gamoyeneba da interpretirebis ZiriTadi mizani ukavSirdeba regionis 
resursuli uzrunvelyofis marTvis. 
SemoTavazebuli meTodi aris ekonomikuri, radgan is ar saWiroebs damatebiTi 
informaciis gamoyenebas. garda amisa,   statistikuri samuSaoebis programa da 
statistikuri maCveneblebis Semadgenloba moicavs regionuli ekonomikuri sistemis 
resursebis marTvisaTvisa da gadawyvetilebis miRebis  aucilebel monacemebs.  
statistikuri maCveneblebis sistemas aucileblad unda daematos eqspertuli 
Sefasebebi, rac mogvcems regionSi arsebuli resursebis da maTi efeqtianobis ufro zust 
da maRali xarisxiTSeafasebas. 
regionis resursebis marTvaSi monawileobas Rebulobs ara marto saxelisuflebo 
rgolebi, aramed sxva dainteresebuli pirebi da organizaciebi (nax.1). 
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xazgasmiT gvinda aRvniSnoT, rom regionis ekonomikis resursunvelyofis gegmebis 
Sedgenisa da prognosis amocanebis gadwyvetis mizniT,  yvelaze adekvaturi instrumenti, 
romelic saSualebas mogvcems miviRoT zusti raodenobrivi Sefasebebi, aris ekonomikur-
maTematikuri modelireba. 
regionis ekonomikis resursunvelyofis modeluri instrumentebis erTiani kom-
pleqsi TavisTavad warmoadgens efeqtiani gadawyvetilebis miRebis formalizebul saSu-
alebas.  
regionis ekonomikis resursunvelyofis mizniT ekonomikur-maTematikuri modelis 
gamoyenebis ZiriTad amocanad gamoyofilia [1]: 
 regionuli resursebis moZraobis da ganTavsebis analizi; 
 regionis ekonomikis moTxovnilebis prognozi resursebis calkeul saxeobaze; 
 regionis ekonomikis resursunvelyofis marTvis gadawyvetilebis damuSaveba. 
resursuli uzrunvelyofis Siga sistemis mdgomareobisa da urTierTkavSiris 
sawyisi warmodgenis mizniT viyenebT deskriptiul anu nakadis tipis aRweriT models [2].  



















naxazze mocemulia deskriptoruli nakaduri modelis pirobiTi warmosaxva, 
romelic gviCvenebs regionis resursebis adgilmdebareobas da regionis resursebisa da 
sawarmoebis urTierT damokidebulebas. aq warmodgenil grafs gaaCnia ori -  i  da 
j saxis mwvervali, romelTaganac pirveli aRniSnavs resurss, meore dawesebulebas 
(resursis nebismier momxmarebels). orientirebuli wibo anu rkali - l ij  gviCvenebs i  
resursis j momxmarebelTan gadaadgilebis maxasiaTebels.SeiZleba arsebobdes rkali - l jj , 
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rac imas niSnavs, rom moxda resursis gadaadgileba erTi momxmareblodan (warmoebidan) 
meoreSi. 
3. daskvna 
Cveni sakvlevi Temis - regionis ekonomikuri resursuzrunvelyofis Sefasebis 
sainformacio sistemisaTvis ZiriTadi monacemebi unda aviRoT regionSi resursis nakadis 
optimizebisa da prognozirebidan miRebuli Sedegebidan. resursis nakadis 
optimizebisaTvis viyenebT satransporto tipis amocanas, xolo regionis 
resursuzrunvelyofis maCvenebelTa mniSvnelobebis prognozisaTvis mizanSewonilad 
miviCnevT maTematikur models. am SemTxvevaSi yvelaze misaRebad migvaCnia regresuli 
modeli erTi gantolebiT. models vagebT regionis resursuzrunvelyofis marTvis mizniT, 
romlis ZiriTadi nawilia regionis mosaxleobis socio-kulturul moTxovnaTa 
maqsimaluri dakmayofileba.  
literatura: 
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действия субъектов региональной экономики. „Учет и статистика“ № 1. М. 
2. Добролежа, Е.В. (2011). Система информационного мониторинга в процессе 
управления эффективностью ресурсного обеспечения экономики регионаю „Известия“ Высших 
учебных заведений. Северо-Кавказский регион. № 4.   
 
INFORMATION SYSTEM FOR ENSURE ASSESSMENT OF REGION  
WITH ECONOMIC  RESOURCES 
Chachanidze Guram, Kviralashvili Alexander  
Georgian Technical University 
Summary 
Considered the ensure resource management issues of region. Invited the economic method, sta-
tistical work program, the composition of the statistical indicators for regional resource management 
system and the data needed for decision-making. For information system evaluation to ensure the eco-
nomic resources of region the main data obtained from the results of optimization and prediction of the 
flow of resources in the region. In order to optimize the flow of resources used by the task of transport 
type, and for predicting mathematical model regression-type. 
 
ИНФОРМАЦИОННАЯ СИСТЕМА ОЦЕНКИ ОБЕСПЕЧЕНИЯ 
РЕГИОНА ЭКОНОМИЧЕСКИМИ РЕСУРСАМИ 
Чачанидзе Г., Квиралашвили А. 
Грузинский Технический Университет 
Резюме 
Рассматриваются вопросы управления обеспечением региона ресурсами. Предложен 
экономический метод, программа статистических работ, состав статистических показателей для 
системы управления региональными ресурсами и данные, необходимые для принятия решений. 
Для информационной системы оценки обеспечения региона экономическими ресурсами 
основные данные получены из результатов оптимизации и прогнозирования потока ресурсов в 
регионе. С целью оптимизации потока ресурсов используется задача транспортного типа, а для 
прогнозирования строится математическая модель регрессионого типа. 
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akademiuri mobilobis xelSemwyobi, sabazo da maspinZel  
umaRles saswavleblebis saganmanaTleblo programebis  
Sedarebis algoriTmi 
oqan erai (doqtoranti) 
saqarTvelos teqnikuri universiteti 
okaneray@hotmail.com 
reziume 
mocemulia sabazo umaRlesi saswavleblidan maspinZel umaRles saswavleblebSi 
mobilobiT gadasuli studentis saganmanaTleblo programebis SedarebiTi analizis 
Catarebais algoriTmi. algoriTmis meSveobiT ganisazRvreba saswavlo disciplinebi, 
arCeviTi sagnebi; tardeba sabazo da mimRebi umaRlesi saswavleblebis saswavlo programebis 
kompetenciebis SedarebiTi analizi; disciplinaTa racionaluri SerCevisa da mis Sesatanad 
akademiuri mobilobis Sesabamis dokumentSi es xels uwyobs akademiuri mobilobis 
racionaluri gadawyvetilebis miRebas. 
sakvanZo sityvebi: akademiuri mobiloba. saganmanaTleblo programa. algoriTmi. 
gadawyvetilebis miReba. 
1. Sesavali 
rogorc cnobilia, akademiuri mobiloba niSnavs umaRlesi ganaTlebis miRebis 
SesaZleblobas programis Semadgeneli nawilebis Tanamimdevruli gavliT ori da meti qveynis 
umaRles saswavleblebSi, da erTi an ramdenime umaRlesi saswavleblis diplomis miRebiT. 
amrigad, akademiuri mobilobis realizebis procesi warmoadgens saswavlo procesis 
Semadgenel nawils. 
akademiuri mobilobis procesis realizebisas didi mniSvneloba eniWeba saswavlo 
SeTanxmebis SemuSavebas, romelic erT-erT aucilebeli dokumentia saerTaSoriso programa 
„erasmus mundusis“ farglebSi.  
2. ZiriTadi nawili 
saswavlo SeTanxmeba dgeba, rogorc sabazo (sadac swavlobda studenti) aseve 
maspinZeli umaRles saswavleblis (sadac apirebs student mobilibiT gadasvlas) irgvliv 
arsebuli im informaciis safuZvelze, rac dakavSirebulia studentis akademiur 
mobilobasTan. es ZiriTadad moicavs: studentis (gvari, saxeli, mamis saxeli, fakulteti, 
jgufi), maspinZeli umaRlesi saswavleblis (dasaxeleba), swavlis periodis, sabazo umaRles 
saswavlebelSi saganmanaTleblo mimarTulebis (specialobis), maspinZel umaRles 
saswavlebelSi saganmanaTleblo programis, disciplinebisa da maTi sirTulis Sesaxeb 
arsebul informacias. am informaciis Senaxvisa da damuSavebisTvis aucilebelia monacemTa 
bazebis ageba. akademiuri mobilobis programebis SemuSavebisas, monacemTa bazebi aseve unda 
Seicavdes informacias akademiuri mobilobis procesis potenciuri monawileebis Sesaxeb. 
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saswavlo SeTanxmebis Sedgenisas masSi aucilebelia im disciplinebis asaxva, romelTa 
Seswavlac moiazreba maspinZel umaRles saswavlebelSi da  sabazo universitetis saswavlo 
gegmaSi Semavali maTi eqvivalenturi disciplinebi, romlebic aRiarebuli iqneba 
warmatebuli swavlis SemTxvevaSi.  
kreditebis aRiarebisaTvis eqvivalenturi disciplinebis SerCevisas aucilebelia 
sabazo da maspinZel universitetebSi specialistebis momzadebis saswavlo programis 
SedarebiTi analizis Catareba. 
sabazo da maspinZel umaRles saswavleblebSi specialistebis momzadebis 
saganmanaTleblo programebis SedarebiTi analizis Catarebais procesSi unda gvaxsovdes, 
rom yvela umaRles saswavlebelSi saსwavlo disciplinebi mibmulia semestrebTan, romlis 
Sedegebi fiqsirdeba Sualedur da daskvniT gamocdebze.  
studentis mier maspinZel universitetSi Sesaswavlad arCeuli disciplinebis 
CamonaTvalisa da sabazo universitetSi naswavli (an saswavli) disciplinebis Sedarebis 
analizisas aucilebeli xdeba im semestrebis disciplinebis Sedareba, romlis drosac 
studenti gegmavs akademiuri mobilobis programaSi monawileobas.  
disciplinebis Sedareba xdeba sxvadasxva komponentebis mixedviT, romelTagan erT 
erTi umTavresi komponentia saswavlo kreditebis raodenobrivi da Sinaarsobrivi 
maCveneblebi. 
aRniSnuli maCveneblebis Sedareba unda moxdes arsebuli normatiuli dokumentebisa 
da saganmanaTleblo programebis analizis safuZvelze.  amisaTvis saWiroa, saswavlo 
xelSekrulebisa da individualuri saswavlo gegmis irgvliv arsebuli informaciis 
analizis algoriTmis damuSaveba.  
Cvens mier SemoTavazebul algoriTms, romlis agebis safuZvelia [1] naSromi, aqvs  
1-el naxazze mocemuli saxe.  
ganvixiloT algoriTmis ZiriTadi momenti saswavlo disciplinis gansazRvridan.  
saswavlo disciplina ganisazRvreba im disciplinaTa erTobliobidan - Di , romelic 
iswavleba maspinZel umaRles saswavlebelSi,  im disciplinebis - Dj , DiDj ⊂ , 
gamoyofiT, romelic Seswavlili aqvs students Tavis umaRles saswavlebelSi. rogorc 
algoriTmSia miTiTebuli, disciplinis gansazRvris Semdeg xdeba saswavlo kreditebis 
raodenobrivi da disciplinis Sinaarsobrivi mxaris Sedareba. SedarebisaTvis mimarTva xdeba 
winaswar dadgenis Sedarebis wesebze da disciplinaTa sagasaRebo sitvbebze. Sedarebis 
Sedegad xdeba araTanxvdenili da Sesatyvisi disciplinebis siis formireba, romlis 
safuZvelzec ganisazRvreba studentis mier maspinZel umaRles saswavlebelSi asaTvisebeli 












                                                                                           










































nax.1. saswavlo xelSekrulebisa da individualuri saswavlo gegmis irgvliv  
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garda amisa, algoriTmi iTvaliswinebs arCeviTi sagnebidan momavali saswavlo 
disciplinis arCevis SesaZleblobasac. arCevis dros studenti axdens kompetenciaTa 
Sedarebas. Sedareba xdeba miTiTebul discpilinaTa erTobliobis kompetenciaTa simravleze 
- ≈kaD  
k
iD , sadac - 
k
aD  asarCevi saganTa kompentenciaa, romelic maspinZeli umaRlesi 
saswavleblis arCeul disciplinaTa simravles Seesabameba, xolo simbolo – “≈ ” 
kompetenciaTa Sedarebis operaciaa. 
algoriTmSi ganvixilavT kidev sxva poziciebs:  sabazo da mimRebi umaRlesi 
saswavleblebis saswavlo programebis kompetenciebis SedarebiTi analizs; disciplinaTa 
racionalur SerCevas da mis Setanas  akademiuri mobilobis Sesabamis dokumentSi da sxv. 
yovelive es xels uwyobs akademiuri mobilobis racionaluri gadawyvetilebis miRebas. 
 
literatura: 
1. Маркелова А.И., Козырева В.А. Сметанина О.Н. Модели управления процессом 
реализации академической мобильности в ВУЗЕ. Вестник НГУ (серия: Информационные 
технологии). Вып.2, ст. 55–65. 
 
COMPARATIVE ANALYSIS OF THE BASIC AND RECEIVING HIGHER EDUCATION 
PROGRAMS, TO SUPPORT AN ACADEMIC MOBILITY 
 Okan Eray  
Georgian Technical University 
Summary 
There is considered an algorithm of comparative analysis of the mobility moved 
students educational programs. The algorithm defines academic disciplines and elective courses.  There 
is conducted comparative analysis of the basic and receiving higher education programs. It promotes to 
make a rational decision for the academic mobility.  
 
СРАВНИТЕЛЬНЫЙ АНАЛИЗ УЧЕБНЫХ ПРОГРАММ БАЗОВОГО 
И ПРИНИМАЮЩЕГО ПО МОБИЛЬНОМУ ПЕРЕВОДУ ВЫСШИХ  
 УЧЕБНЫХ ЗАВЕДЕНИЙ 
Окан Эрай 
Грузинский Технический Университет 
Резюме 
Приведен алгоритм сравнительного анализа учебных программ базового высшего 
Учебного заведения и приемного, куда перешел студент в соответствии с программой 
Академической мобильности. С помощью алгоритма определяются учебные исциплины. И 
выборные предметы; проводится сравнительный анализ компентентности учебных программ 
базового и принимающего высших учебных заведений; рациональный выбор Дисциплин для 
внесения их в документ академической мобильности. Это способствует Рациональному выбору 
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eleqtronuli swavlebis platformis daprogramebisa  da  
marTvis principebi `ILIAS“ sistemis magaliTze 
gela RvinefaZe – saqarTvelos teqnikuri universiteti, 
zurab tieliZe – daviT aRmaSeneblis sax. saqarTvelos  
        erovnuli Tavdacvis akademia 
reziume 
ganixileba eleqtronuli sistemebis gamoyeneba saswavlo procesSi da maTi marTvis 
meTodebi. warmodgenilia eleqtronuli swavlebis ILIAS-platformis SesaZleblobebi: 
kompiuterze dafuZnebuli swavleba, mobiluri swavleba, distanciuri swavleba da a.S. 
statia ZiriTadad Seexeba gaziarebadi SigTavsis obieqtis marTvis modelis (SCORM) 
daprogramebisa da danergvis sakiTxebs, gaziarebadi SigTavsis obieqtebis daniSnulebas, maT 
moqnilobas da sxva upiratesobebs. axsnilia, rogor unda gamoviyenoT obieqtze 
orientirebuli programirebis enebi da xml-i imisTvis, rom gavafarTovoT eleqtronuli 
swavlebis platformis da gaziarebadi SigTavsis obieqtebis SesaZleblobebi. 
sakvanZo sityvebi: eleqtronuli swavleba. daprogrameba. ILIAS-platforma.   
1. Sesavali 
eleqtronuli swavleba (E-learning) dafuZnebulia ganaTlebis sferoSi informaciuli 
da komunikaciuri teqnologiebis gamoyenebaze. eleqtronuli swavleba moicavs: kompiuteris 
meSveobiT swavlebas (computer-based training), distanciur swavlebas, mobilur swavlebas 
(m-learning) da sxva midgomebs, romelTa daxmarebiTac tradiciuli saswavlo procesi 
iRebs cifrul saxes.  maRali interaqtiulobis misaRwevad aq farTod gamoiyeneba teqsturi, 
video, audio masala,  animaciebi, obieqtze orientirebuli programirebis enebi. 
eleqtronuli swavlebas axal safexurze ahyavs tradiciuli swavlebisaTvis 
damaxasiaTebeli Semdegi formebi: 
• leqciebi, praqtikulebi, seminarebi da a.S.; 
• debatebi swavleba socialuri aqtivobebis daxmarebiT, diskusiebi,  gunduri 
samuSaoebi, interviuebi da a.S); 
• eqsperimentebi (laboratoriuli samuSaoebi, virtualuri simulaciebi sxvadasxva 
hipoTezebis Sesamowmeblad, imitaciebi); 
• SemoqmedebiTi aqtivobebi (proeqtebi, statiebi, cifruli videobi, vebsaitebi); 
• kvlevebi (informaciis mopoveba damuSaveba, literaturis ganxilva da a.S.); 
• Sefaseba (davalebebi, testebi, eleqtronuli gamokiTxvebi da sxv.). 
eleqtronuli swavleba SeiZleba iyos: asinqronuli, sinqronuli, Sereuli tipis. 
asinqronuli swavleba pirovnebaze orientirebuli swavlebaa _ dainteresebuli pirebi  
erTmneTs Soris  cvlian informacias sxvadasxva veb-teqnologiebis saSualebiT da gaaCniaT 
erTnairi statusi, swavlis grafiki ar aris gawerili droSi da am procesSi CarTva 
SeiZleba nebismieri adgilidan.  asinqronuli swavlebis organizatorebi arian konkretuli 
sferos specialistebi an studentebi da swavleba ZiriTadad auditoriis gareT 
mimdinareobs. am tipi swavleba SeiZleba iyos rogorc ZiriTadi saswavlo procesis, aseve 
kvalifikaciis amaRlebisaTvis damxmare saSualeba. am dros farTod gamoiyeneba blogebi, 
forumebi, socialuri qselebi an sxva tipis eleqtronuli saSualebebi. 
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sinqronuli swavleba warmoadgens tradiciul saswavlo process, romlis drosac 
yvela studenti erTdroulad imyofeba auditoriaSi da saswavlo procesi aris droSi 
gawerili.  eleqtronuli swavlebis danergvis sawyis etapze upiratesoba eniWeboda 
asinqronul swavlebas, magram mogvianebiT infromaciuli teqnologiebis ganviTarebasTan 
erTad SesaZlebeli gaxda, rom am process mieRo ufro organizebuli saxe, kerZod, 
internetis xelmisawvdomobam, virtualurma konferenciebma, laivCatebma da sxv. 
SesaZlebeli gaxada sinqronuli swavleba xelmisawvdomi da efeqturi gamxdariyo 
eleqtronul reJimSic. 
Sereuli swavlebis modeli moicavs rogorc sinqronuli, aseve asinqronuli swavlebis 
komponentebs da Tanamedrove saswavlo dawesebulebebSi swored es modelia yvelaze 
popularuli. 
imisTvis, rom eleqtronuli swavlebis procesis marTva SedarebiT martivi da 
moxerxebuli gaxdes, gamoiyeneba virtualuri saswavlo garemocvebi  e.w. saswavlo 
platformebi, rogoricaa: ILIAS,  Moodle, eFront, Dokeos, Claroline, ATutor,  OLAT,  Sakai, 
openlms da sxv. 
2. ZiriTadi nawili 
statiaSi ganxilulia ILIAS (Integriertes Lern-, Informations- und Arbeitskooperations-
System – germ.) sistemis SesaZleblobebi saswavlo procesis marTvis dros [1]. ILIAS-i 
warmoadgens platformas Ria kodiT, is aris ufaso da misi saSualebiT SesaZlebelia 
rogorc sinqronuli da asinqronuli, aseve Sereuli tipis swavlebis procesis warmarTva. 
ILIAS-s aqtiurad moixmars bevri universiteti. ILIAS-i erT-erTi yvelaze adreuli 
eleqtronuli swavlebis platformaa, Seiqmna 1997 wels [2]. misi instalacia SeiZleba 
nebismier serverze, romelsac aqvs PHP-is da MySql-is mxardaWera. 
ILIAS-s gaaaCnia Semdegi SesaZleblobebi: 
1) kursebis menejmenti; 
2) SCORM (Sharable Content Object Reference Model)-s mxardaWera; 
3) onlain mimoxilvebi; 
4) jgufebis menejmenti da urTierTkavSiri; 
5) auTentifikaciis uflebebis da wvdomebis menejmenti; 
6) personaluri samuSao magida; 
7) portfolio; 
8) testebi da Sefaseba; 
9) kiTxvarebi da ukukavSiri; 
10) sxva Ria kodis platformebTan integraciis SesaZlebloba; 
11) onlain konferenciebi da virtualuri saklaso oTaxi; 
12) drois marTvis SesaZlebloba interaqtiuli kalendriT da cxrilebiT. 
ganvixiloT TiTouli maTgani: 
ILIAS-s gaaCnia sakuTari kursebis marTvis moduli. masSi SesaZlebelia saswavlo 
masalis (dokumentebis, eleqtronuli wignebis, audio da video masalis) ganTavseba da 
marTva. SesaZlebelia daSvebebis, kursis aqtiurobis (onlain reJimSi yofnis) qronologiuri 
gawera. 
SCROM-i erT-erTi yvelaze mniSvnelovani aspeqtia rogorc ILIAS-is, aseve sxva 
platformebisTvisac [3]. misi an misi ekvivalentis gareSe SeuZlebelia kursis maRali 
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interaqtiulobis miRweva. SCORM-i aris standartebis erToblioba, romelic exmareba 
programistebs Seqmnan iseTi kodi, romlis integraciac SesaZlebeli iqneba yvela 
eleqtronuli swavlebis platformaSi. is SesaZleblobas aZlevs sxvadasxva virtualur 
garemocvebs, moxdes Semcvelobis gacvla mxolod erTi failiT.  
SCORM-i mTavari instrumentia distanciuri swavlebis procesSi, radganac mis gareSe 
SeuZlebeli iqneboda kursebis uproblemo gadatana erTi serveridan meoreze. SCORM-is 
monacemTa struqtura da protokolebis nakrebi Sexebis wertilebs poulobs saswavlo 
platformis interfeisTan da axdens saswavlo masalebis (zogjer Zalian maRali 
interaqtiulobis mqone virtualuri laboratoriis) registraciis wesebis dadgenas 
virtualur saswavlo garemocvaSi. 
SCORM-i moicavs SCO-ebs (Shareable Content Object _ gaziarebadi Semcvelobis 
obieqtebs), romelTa importireba-eqsportireba SeiZleba martivad, saswavlo garemocvis 
grafikuli interfeisis gamoyenebiT. 
SCO gamoirCeva imiTac, rom rodesac igi gaSvebulia moswavlis brauzerSi, igi 
saswavlo platformas informacias gadascems maSinac, roca moSorebul serverzea 
ganlagebuli. platforma ki, Tavis mxriv, informacias inaxavs moswavlis Sedegebis, misi 
progresis Sesaxeb. SCO warmoadgens saswavlo resursis yvelaze dawvrilebiT 
detalizacias, romelsac iyenebs veb interfeisis mqone saswavlo garemocva (am SemTxvevaSi 
ILIAS-i). SCORM-i ar aregulirebs SCO-ebis zomas. is SeiZleba iyos rogorc erTi veb-
gverdi, aseve _ veb-gverdebis erToblioba. yvela SCO unda iyos mravaljeradad gamoyenebadi. 
amis misaRwevad aucilebelia, is iyos damoukidebeli da ar iyenebdes analogiuri obieqtebis 
linkebs. 
nebismieri „pasiuri“ masala SeiZleba gadakonvertirdes SCO-ad. 
SCO-sTvis rekomendirebuli maxasiaTeblebia: 
1) mravaljeradad gamoyenebadoba swavlebis konteqstis miuxedavad; 
2) vizualuri monacemebis damoukidebloba da moxerxebuloba; 
3) muSaobis dros monacemebis Senaxva yvela etapze, raTa ar moxdes maTi dakargva; 
4) mudam iyos komunikaciaSi damTavrebis statusTan, raTa Sefasdes mimdinare 
progresi; 
5) ar unda aRebdes sxva fanjaras, vidre ar daixureba wina; 
6) ar unda iyos kavSirSi sxva failTan, romelic ar aris am SCO-s nawili. 
SCORM-isTvis SCO-ebis Seqmna SesaZlebelia ILIAS-is grafikul interfeisSi. magram 
grafikuli interfeisis SesaZleblobebi SezRudulia da programirebis iseTi enebi, 
rogoricaa: php da javascript-i, SesaZleblobas iZleva, gafarTovdes konkretuli obieqtis 
SesaZleblobebi. 
SCORM-is ZiriTadi komponentebis da funqciebis ganlageba aseTia: 
1) SigTavsis struqtura da swavlebis miznebi; 
2) informaciis monitoringi; 
3) ganlagebis wesebis gansazRvra; 
4) navigaciis da monacemTa ganlagebis moTxovnebi. 
SigTavsis struqtura aris xe, romlis TiToeuli komponenti asocirdeba konkretul 
aqtivobasTan, romelsac SeiZleba gaaCndes Svilobili aqtivobac. yoveli aqtivoba 
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aucileblad asocirdeba erTi konkretuli swavlebis mizanTan, Tumca erT mizanTan SeiZleba 
asocirebuli iyos ramdenime aqtivobac, globalur mizani ki yvela miznis Sesrulebaa. 
informaciis monitoringSi igulisxmeba moswavlis mimdinare statusis gansazRvra. is 
dakavSirebulia yvela aqtivobasTan, yvela mizanTan da asaxavs im progress, romelsac 
moswavle gadis aqtivobebis daxmarebiT swavlebis miznis miRwevamde. 
SigTavsis damproeqteblebi aRweren SigTavsis struqturas da aweseben struqturis 
Sesabamisi ganlagebis wesebs, romelsac inaxaven  .XML gafarToebis failSi. momxmareblis 
mxridan  navigaciis moTxovnis Semdeg xdeba mimarTva am failTan da sruldeba monacemebis 
ganlagebis moTxovna. es procesi grZeldeba swavlebis dasrulebamde. 
imisaTvis, rom SigTavsi iyos mravaljeradad gamoyenebadi, damproeqteblebi iyeneben 
metamonacemebs. isini am monacemebiT aRweren paketis elementebs, romlebic aseve 
ganTavsebulia zemoT aRniSnul  XML failSi. metamonacemebis daxmarebiT saswavlo 
resursebis moZebna sxvadasxva sistemebSi gacilebiT martivdeba. metamonacemebi SeiZleba 
iyos rogorc konteqstze damokidebuli, aseve misgan damoukidebelic. konteqstisgan 
damoukidebeli metamonacemebi ZiriTadad ucvlel monacemebia, rogoricaa, magaliTad, 
SigTavsis obieqtebi an cifruli masalebi, xolo konteqstze damokidebuli metamonacemebi 
ki _ mxolod erTi tipis monacemebs warmoadgens (es maT konteqszea damokidebuli). 
navigaciis zogierTi komponenti SeiZleba asocirebuli iyos informaciis 
monitoringis nawilTan, raTa programam gansazRvros ara marto kursis gavlis dro 
TiToeuli momxmareblis mxridan, aramed _ Cabarebebis mcdelobis raodenobac da TiToeuli 
swavlebis miznis Sesrulebis xarisxic. magaliTad, rodesac momxmarebeli navigaciis 
grafikuli interfeisis gamoyenebiT ganvlil masalas ubrundeba, drois aTvla iwyeba 
Tavidan, radganac gavlili masala, rogorc wesi, asocirdeba sxva swavlebis mizanTan. 
swavlebis damTavrebis Semdeg TiToeul davalebaze daxarjuli dro da mcdelobebis 
raodenoba ikribeba da administrators eZleva SesaZlebloba, zustad Seafasos, Tu romelma 
moswavlem rogor, ra drois ganmavlobaSi da ramdeni mcdelobiT gaarTva Tavi ama Tu im 
davalebas. 
rogorc ukve aRvniSneT, SCORM-i ar warmoadgens mxolod masalebis virtualurad 
ganTavsebis saSualebas. misi daxmarebiT ILIAS-Si SeiZleba integrirdes faqtobrivad 
nebismieri sirTulis mqone simulaciuri platforma (magaliTad, xdeba kavSirgabmulobis 
aparaturis simulacia, pilotaJis simulacia da a.S.). swored sakiTxis  aseTi gadawyveta 
ganasxvavebs mas ILIAS-is standartuli saswavlo modulisgan. 
SCORM-is srulfasovani kursis Sesaqmnelad aucilebelia Sesabamisi kompetenciis 
mqone pirebis koordinirebuli muSaoba. esenia: 1) administratori; 2) swavlebis saxis 
ganmsazRvreli dizaineri; 3)  SME (subject-matter expert _ im sagnis specialisti, 
romlisTvisac keTdeba kursi. is ZiriTadad aris mowveuli pedagogi da ar aris jgufis 
mudmivi wevri); 4) programisti; 5) resursebis menejeri; 6) proeqtis lideri. 
informaciuli teqnologiebis specialistisTvis ZiriTadad gankuTvnilia dizaineris, 
administratoris da programistis funqciebis Sesruleba. igi warmoadges jgufis im wevrs, 
romelic pasuxismgebelia saxelmZRvanelos Seqmnis dizainze da igi garkveuli unda iyos, 
rogorc veb-dizainis principebSi, aseve _ momxmarebelTa fsiqologiuri TaviseburebebSic, 
raTa sworad daaproeqtos saxelmZRvanelo. 
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gamomdinare iqidan, rom msgavsi saxelmZRvaneloebi ZiriTadad veb-garemocvaSia 
ganTavsebuli, xarvezebis gasworeba da saswavlo dizainis daxvewa ukve moxmarebaSi Sesul 
saxelmZRvaneloebSic ki ar warmoadgens problemas. amitom saswavlo dizaineris erT-erT 
funqcias warmoadgens saxelmZRvanelos monitoringi da momavalSi misi gamoyenebis 
efeqtianobis da xarisxis kontrolic. msgavsi moqniloba eleqtronuli saxelmZRvanelos 
kidev erT upiratesobas warmoadgens tradiciulTan SedarebiT. dizainerma unda gaanalizos 
ra unda aswavlos, gansazRvros, rogor aswavlos da Seafasos, Tu rogor swavloben 
momxmareblebi. saswavlo dizaini sistematuri procesia da is moicavs studentebs, 
maswavleblebs, saswavlo masalebsa da swavlebis garemocvas. igi aseve warmoadgens jgufis 
wevrs, romelmac zustad unda gansazRvros da werilobiT Camoayalibos eleqtronuli 
saxelmZRvanelos miznebi. es ki Zalian mniSvnelovania imisTvis, rom saxelmZRvanelo iyos 
efeqturi da jgufis sxva wevrebs ar mouwioT SemdegSi eleqtronuli saxelmZRvanelos 
struqturis Secvla. saxelmZRvanelos dizainisgan gansxvavebiT, uSualod kodis Secvla 
(programistis mxridan) gacilebiT did dros moiTxovs. amitomacaa aucilebeli, miznebi 
Tavidanve sworad iyos gawerili. eleqtronuli saxelmZRvanelos saswavlo dizaineri 
mWidrod TanamSromlobs programistTan da jgufis sxva wevrebTan. igi axdens prototipebis 
datestvas, „redizainings“ da gansazRvravs saswavlo aqtivobebis tipebs, romlebic Tavis 
mxriv mibmulni arian eleqtronul saxelmZRvanelosTan. 
administratoris funqciebSi Sedis: 
eleqtronuli swavlebis platformis administrireba, momxmarebelTa funqciebis 
gansazRvra, maTi jgufebad daxarisxeba da Sesabamis saxelmZRvaneloebze daSvebebis Seqmna. 
es gansakuTrebulad mniSvnelovania maSin, rodesac eleqtronuli saxelmZRvanelo 
komerciuli daniSnulebisaa. Sesabamisad, masze wvdoma unda iyos mkacrad kontrolirebadi, 
ris saSualebasac isev eleqtronuli platforma gvaZlevs. 
administratoris funqciebSi agreTve Sedis im sistemis administrirebac, romelzec 
gamarTulia eleqtronuli platforma. rogorc wesi, es aris UNIX Ria kodis mqone 
operaciuli sistemis  serveri. administratori zogadad mainc unda icnobdes monacemTa 
bazis struqturasac, rom aucileblobis SemTxvevaSi SeZlos masSi aucilebeli cvllebebis 
Setana rekomendebuli gziT, Tumca detalurad misi codna administratorisTvis 
aucilebeli araa, radgan ZiriTad manipulaciebs monacemTa bazaze axorcielebs programisti. 
programistis funqciebs eleqtronuli saxelmZRvanelos SeqmnaSi ganekuTvneba: 
1.  obieqtze orientirebuli programirebis enaSi saxelmZRvanelosTvis aucilebeli 
programuli uzrunvelyofis Seqmna; 
2.  am programuli uzrunvelyofis monacemTa bazasTan dakavSireba; 
3.  aqtorebisaTvis moqnili grafikuli interfeisis Seqmna; 
4.  kodis dokumentireba, raTa sxva programists gaumartivos momavalSi kodis 
redaqtireba (mxolod Ria kodis platformis SemTxvevaSi). 
programisti jgufis wevria, romelsac uwevs yvelaze mniSvnelovani funqciis 
Sesruleba, mis gareSe ver gaimarTeba platforma da Sesabamisad verc saxelmZRvanelo 
dainergeba. programisti gansazRvravs, ra arsebuli meTodebi unda gamoiyenos programuli 
uzrunvelyofis Sesaqmnelad, igi qmnis axal meTodebsac. 
rogorc ukve aRvniSneT, saxelmZRvanelosaTvis programistma SeiZleba daweros 
Sefasebis programa, magram gamomdinare iqidan, rom Sefasebis universaluri struqtura ar 
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arsebobs. igi, rogorc wesi, individualuria, saswavlo dawesebulebis specifikidan 
gamomdinare. daprogramebis meTodikis SerCeva swored am seqtorSia yvelaze aqtualuri. 
literatura: 
1. ILIAS - Integrated Learning, Information and Work Cooperation System. https://en.wikipe-
dia.org/wiki/ILIAS. 
2. Dacanay G. (2010). E-learning on computer programming 2 from DMMMSU institute of 
computer science – Michaelangelo. E-Intern.Scient.Research Jou.,  Vol.2, Issue: 2. 
3. Robson R.A. (2006).  Practical Introduction to SCORM.  Details of SCORM - Overview. 02, 
April. http://eduworks.com/Documents/SIW_SCORM_TUTORIAL_2006.pdf 
 
PROGRAMMING AND ADMINISTRATION PRINCIPLES OF E-LEARNING  
PLATFORM  BY THE EXAMPLE OF SYSTEM „ILIAS“ 
Gvinepadze Gela  - Georgian Technical University,          
Tielidze Zurab – Davit Agmashenebeli National Defence  
       Academy of Georgia 
Summary 
Article is about usage of electronic systems in learning process such as e-learning platform and 
their Management methods. The article discusses the e-learning platform ILIAS exemplary. In the article 
is discussed multiple possibilities of e-learning platform (ILIAS) - computer-based training, m-learning, 
distance learning etc. In general article is about Sharable Content Object Reference Model (SCORM) 
programming and implementation. About Designation of Sharable Content Objects, about Flexibility 
and other advantages. Also it is briefly Explained how to use object oriented programming languages 
and xml to extend possibilities of e-learning platform and SCOs. 
 
ПРИНЦИПЫ ПРОГРАММИРОВАНИЯ ПЛАТФОРМЫ ЭЛЕКТРОННОГО ОБУЧЕНИЯ  
И УПРАВЛЕНИЯ ЕЮ НА ПРИМЕРЕ СИСТЕМЫ „ILIAS“ 
Гвинепадзе Гела -  Грузинский Tхнический Университет, 
Тиелидзе Зураб -  Академия нацинальной обороны Грузии 
им. Давида Агмашенебели 
Резюме 
Рассмотрены вопросы применения электронных систем в учебном процессе и методы 
управления ею на примере платформы ILIAS. Рассмотрены ее следующие  возможности: 
обучение на базе компьютера, мобильное обучение, дистанционное обучение и т.д. Особое 
внимание уделено вопросам программирования и внедрения SCORM - образцовой модели 
объекта содержимого для совместного использования, назначению этих  объектов, их гибкости 
и другим преимуществам. Объяснено, как следует ползоваться объектно-ориентированными 
языками программирования и xml для расширения возможностей платформы электроннго 
обучения и объектов совместного использования.  
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Srobis procesis analizi mikrokontroleruli marTvis 
avtomatizebuli sistemis Seqmnis mizniT  
avTandil bardaveliZe1, irakli baSeleiSvili1, xaTuna bardaveliZe2 
1 - akaki wereTlis saxelmwifo universiteti, quTaisi 
2 - saqarTvelos teqnikuri universiteti 
reziume 
naSromSi aRwerilia marcvleuli kulturebis da fxvieri nivTierebebis  Srobis 
teqnologiuri procesi. naCvenebi da dasabuTebulia Srobis procesis marTvis 
avtomatizebuli sistemis damuSavebis da Seqmnis mizanSewoniloba Tanamedrove  mikro-
kontroleruli teqnikis bazaze Srobis procesis marTvis xarisxobrivad axali donis 
misaRwevad. naSromSi dasabuTebulia, rom marcvleulis Srobis procesis universaluri 
cifruli marTvis avtomatizebuli sistemis (mas) Seqmna saSualebas mogvcems  
marcvleulis da fxvieri nivTierebebis FSroba CavataroT efeqturi da energodamzogi 
xerexebiT. 
sakvanZo styvebi:  saSrobi. avtomatizebuli sistema. mikrokontroleri. programuli 
uzrunvelyofa. 
1. Sesavali 
dReisaTvis saqarTvelos ekonomikuri ganviTarebis erT-erT wamyvani amocanaa 
marcvleuli kulturebis da maT Soris puris marcvlis warmoebis gazrda da 
mosavlianobis donis amaRleba gadamuSavebis yvela etapze danakargebis Semcirebis 
safuZvelze. mosavlis aRebisa da Semdgom periodSi gadamuSavebis agroklimaturi pirobebi 
umravles SemTxvevaSi araxelsayrelia, amitom teqnologiuri operaciis sistemaSi da 
marcvleulis Semdgom gadamuSavebaSi mniSvnelovani adgili uWiravs maT Srobas. 
rogorc  cnobilia 14%-ze meti tenianobis xorbalSi Zlierdeba mikroorganizmebis 
sicocxlis xangrZlivoba, ris Sedegadac warmoiSveba  misi gafuWebis saSiSroeba [1]. 
aqedan gamomdinareobs, rom xorbali mosavlis aRebis Semdeg unda gadiodes gadamuSavebas 
danakargebis Semcirebis mizniT. Srobis procesis drouli da swori warmarTva ara marto 
amaRlebs marcvleulis Senaxvis medegobas, aramed aumjobesebs mis sagamyidvelo Rirsebas. 
Srobis procesi zemoqmedebs da anadgurebs mikroorganizmebs da mavneblebs, dadebiT 
gavlenas axdens gamosasvlelze produqciis xarisxze. 
samuSaos mizania marcvleulis Srobis procesis universaluri cifruli adapturi 
mas-is Seqmna, romelic saSualebas mogvcems Sroba CavataroT efeqturi da 
energodamzogi xerxiT.      
2. marcvleulis Srobis procesis analizi 
marcvleulidan tenis gamoclis sxvadasxva xerxi arsebobs, romelic pirobiTad 
SeiZleba davyoT or jgufad [1]: 
 tenis meqanikuri gamodevna da sorbciuli Sroba; 
 marcvleulis Tburi Srobis xerxi. 
mimReb sawarmoebSi marcvleulis Senaxvis momzadebisaTvis iyeneb mxolod Tbur 
Srobas rogorc efeqturs, romelic saSualebas iZleva swrafaT davadabloT 
marcvleulis temperatura. 




gavrcelebul meTodia konveqciuri meTodi, romlis drosac Tburi energia 
marcvleuls gadaecema uSualod Tbomatareblidan [2]. haeris gaxurebuli nakadi Srobis 
zonaSi xvdeba marcvleulis nakads, sadac mimdinareobs marcvleuls da haers Soris Tbo-
tengacvla.  
Srobis procesis warmarTvisas operatoris arasworma moqmedebam SeiZleba 
migviyvanos marcvleulis xarisxis  da saSrobi aparatis mwarmoeblobis SemcirebasTan. 
imisaTvis rom zemoaRniSnuli ar moxdes aucilebelia daculi iqnas Semdegi ZiriTadi 
wesebi: 
 saSrobis uwyveti datvirTva da misi regulireba; 
 marcvleulis maqsimaluri dasaSvebi temperaturis gansazRvra da daWera; 
 saSrobSi marcvleulis erTjeradi gaSvebisas tenianobis optimaluri dadableba;  
 marcvleulis sawyisi da saboloo tenianobis kontroli. 
3. marcvleulis Srobis procesis avtomatizaciis problemis aqtualoba 
marcvleulis saSrobi mowyobilobis uSualo gacnoba ([1]) romliTac dReisaTvis 
SeiaraRebulia sasoflo-sameurneo warmoeba, saSualebas iZleva gavakeToT Semdegi daskvna: 
marcvleulis saSrobi aparatebi SeiaraRebulia dabali donis avtomatizaciis 
saSualebebiT da ver uzrunvelyofs sasurvel mwarmoeblobas, gamosaSrobi masalis 
xarisxs, kerZod: 
 marcvleul saSrobi ar aris aRWurvili temperaturis gadamwodiT; 
 ar aris marcvleulis tenianobis gazomvis da kontrolis gadamwodi; 
 marcvleulis saSrobi ar aris aRWurvili saSrobi agentis nakadis gazomvisa da 
regulirebis saSualebebiT; 
 marcvleulis parametrebis mixedviT ar xorcieldeba Srobis reJimis cvlileba; 
 ar xdeba saSrobi aparatis aparatuli da programuli mxardaWera, romelic 
uzrunvelyofda maqsimalur mwarmoeblobas da minimaluri energoresursebis xarjvas; 
zemoaRniSnuli saSrobi aparatis avtomatizaciisa da kontrolis marTvis dabali da 
aradamakmayofilebeli done problemis aqtualobis  ZiriTadi maCveneblia. 
4. marcvleulis Srobis procesis avtomatizaciis amocanebi 
zemoT Catarebuli analizi saSualebas iZleva davinaxoT, rom marcvleulis 
damuSavebis saboloo Sedegze gavlenas axdens Srobis procesis stabiluroba, rac 
SeiZleba miRweuli iqnes procesis sruli avtomatizaciiT, es ukanaskneli ki saSualebas 
iZleva uzrunvelvyoT misi efeqturoba, Tavidan aviciloT marcvleulis xarisxis 
gauareseba. 
aseTi energodamzogi teqnologiis danergvis aucilebloba, rogoricaa saSrobis 
kompleqsuri avtomatizacia, ganpirobebulia saTbobis fasis zrdiT da moxmarebuli 
eleqtroenergiis SezRudviT soflis meuirneobaSi. 
saSrobis mas-is mier unda gadawydes Semdegi amocanebi: 
 informaciis Segroveba da asaxva; 
 distanciuri marTva; 
 avtomaturi regulireba; 
 mowyobilobis mdgomareobis diagnostika; 




 gamafTxilebeli da avariuli signalizaciis organizacia; 
 infornmaciis dokumentireba da arqivizacia. 
CamoTvlili amocanebis gadawyveta avtomatizaciis CarCoSi SesaZlebelia iseTi 
mikrokontroleruli mas-is SeqmniT, romelic daakmayofilebs Tanamedrove moTxovnebs da 
realizebuli iqneba uaxlesi aparaturul-programuli uzrunvelyofiT. 
sistemis programuli uzrunvelyofa (pu) Sedgeba ori donisagan: 
 dabali donis pu; 
 maRali donis pu. 
dabali donis pu marTavs mikrokontroleris muSaobas da asrulebs: 
 Sesrulebis brZanebebis miRebas; 
 informacias danadgarebis mdgomareobaze; 
 gadamwodebidan informaciis miRebas; 
 Semsrulebeli mowyobilobis avariul gamorTvas; 
maRali donis pu marTavs programuli kontroleris muSaobas da asrulebs: 
 marcvleulis Srobis mas modelis mxardaWeras; 
 danadgaris formirebas; 
 mowyobilobis mdgomareobis winaavariuli da avariuli indikacias; 
 sawarmos integrireuli mas urTierTqmedebas. 
 
Nnax.1. Srobis procesis mas ganzogadebuli  
struqturuli sqema 
marcvleulis Srobis procesis avtomatizaciis erT-erT mniSvnelovani amocanaa 
mikrokontroleris sworad SerCeva, radganac mikrokontroleri sistemis birTvia, 
romelmac unda daakmayofilos yvela is moTxovna, romlis Sesrulebac aucilebelia  
avtomatizaciis procesSi.   
dReisaTvis arsebobs mikrokontrolerebis farTo speqtri, romlebic erTmaneTisagan 
gansxvavdeba: brZanebaTa sistemis, mexsierebis zomis, monacemTa Setana-gamotanis portebis 
raodenobiT da a.S. 
mikrokontrolerisadmi moTxovnebis gaTvaliswinebiT SeiZleba SevarCioT ATmega88  
mikrokontroleri. misi arCeva ganpirobebulia mexsierebis zomis, didi periferiis da  
mowyobilobebTan interfeisebis farTo nomenklaturiT, rac srulad akmayofilebs 
sistemis moTxovnebs [4]. 





marcvleulis Srobis mas-is Rirsebaa teqnologiuri parametrebis gazomvis da 
sistemis muSaobis algoriTmis koreqcia teqnologiuri procesis wyvetis gareSe. mas-is 
gamoyenebis ZiriTadi mizania energoresursebis efeqturi moxmareba – Srobis procesis 
optimaluri marTvis angariSze, Srobis drois Semcireba, mas-is sxva qvesistemebTan  
urTierTqmedeba – marcvleulis transportireba, Senexva  da a.S. 
Lliteratura: 
1. Краусп В.Р. (1975). Автоматизация послеуборочной обработки зерна. – М.: Машизд. 
2. bardaveliZe a. (2002). Srobis procesis energodamzogi teqnologiis damuSaveba 
mravalkriteriuli optimizaciis amocanis gadawyvetis gziT, saqarTvelos mecnierebaTa 
akademiis marTvis sistemebis institutis SromaTa krebuli #6, Tbilisi. -124-127gv. 
3. Клабуков В.Ф., Мельниченко П.И. (2002). От локальных задач автоматизации к 
интегрированной АСУ. Хранение и переработка зерна. № 4. 
4. http://www.atmel.com/devices/ATMEGA88AUTOMOTIVE.aspx 
 
ANALYZE OF DRYING PROCESS IN ORDER TO CREATE MICROCONTROLLER 
AUTOMATED MANAGEMENT SYSTEM 
Bardavelidze Avtandil1, Basheleishvili Irakli1, Bardavelidze Khatuna2 
1-Akaki Tsereteli State University, Kutaisi, Georgia, 
2-Georgian Technical University, Tbilisi, Georgia 
Summary 
The article describes technological process for drying of cereal crops and loose substances. The 
article demonstrates and provides justification for rationality behind the idea to design and develop an 
automated management system for the drying process based on modern microcontroller technique of 
in order to achieve new level of quality. The present work puts forward the universal digital automated 
management system (MAS) for cereals drying process. Development of the aforementioned will allow 
us to dry cereals and loose substances using efficient, energy-saving methodsю   
 
АНАЛИЗ ПРОЦЕССА СУШКИ С ЦЕЛЬЮ СОЗДАНИЯ МИКРОКОНТРОЛЛЕРНОЙ 
СИСТЕМЫ АВТОМАТИЗИРОВАННОГО УПРАВЛЕНИЯ 
Бардавелидзе А.1, Башелеишвили И.1, Бардавелидзе Х.2 
1-Государственный Университет Акакия Церетели, Кутаиси 
2-Грузинский технический университет 
Резюме 
В статье приводится описание способов сушки зерна. Показана и обоснована 
целесообразность разработки и создания автоматизированной системы управления 
технологическим процессом сушки зерна на базе современной микропроцессорной техники для 
достижения качественно нового уровня в управлении процессами сушки зерна. Представлена 
структурная схема микроконтроллерной автоматизированной системы управления процессами 
сушки зерна, которая позволит проводить эффективный и энергосберегающий способ сушки 
зернового материала в зерносушилках. 




satendero biznes-procesebis modelireba da  
avtomatizacia  
xatia qristesiaSvili, gulbaaT nareSelaSvili, Tamaz Serozia   
saqarTvelos teqnikuri universisteti 
reziume 
ganxilulia organizaciebis satendero ganyofilebebSi arsebuli biznes-procesebis 
modelirebis instrumentebi. SemoTavazebulia am procesebis avtomatizacia, rac iZleva 
saSualebas movaxdinoT maTi optimizacia da gavzardoT SromiTi da droiTi resursebis 
efeqturobis maCveneblebi. gamoyenebulia procesebis modelirebis da avtomatizaciis 
evropuli sistema Bizagi Process Soute. 
sakvanZo sityvebi: biznes-procesi. modelireba. tenderi. avtomatizacia. 
 
1. Sesavali 
saxelmwifo  tenderebis mizania moxdes saxelmwifo finansebis efeqturi xarjva, 
daizogos sabiujeto Tanxebi da maqsimalurad xarisxianad Sesruldes samuSao, romelzec 
cxaddeba tenderi. Kkonkurenciis pirobebSi unda gamovlindess yvelaze  maRal doneze, 
yvelaze  dabal fasad, romeli kompania Sesarulebs ama Tu im samuSaos. is  aseve xels 
Seuwyobs am procesebis korufciisagan ganTavisuflebas. Aamitom, dRes saqarTvelos bazarze 
arsebuli didi da saSualo kompaniebi aqtiurad iReben monawileobas saxelmwifo  da kerZo 
Sesyidvebis tenderebSi rac xels uwyobs konkurentuli garemos Seqmnas. dRis wesrigSi 
dadga Sesyidvebis departamentSi satendero ganyofilelbis Seqmna da ganviTareba, ramac  
gazarda  tenderis specialistebze moTxovna. Aaman gamoiwvia tenderTan dakavSirebuli 
biznes-procesis srulyofis gzebis Ziebis aucilebloba, risi upirobo Sedegic iqneba drois 
minimaluri danaxarjebiT maqsimaluri efeqtis miReba.  
2. ZiriTadi nawili 
tenderTan dakavSirebuli biznes-procesebis srulyofis erT-erTi gza aris maTi 
avtomatizacia. dRes saqarTveloSi arsebuli programuli uzrunvelyofis SemmuSavebeli 
kompaniebi, jerjerobiT ar muSaoben tenderebis specializirebuli programebis Seqmnaze.  
Sesyidvebis departamentebSi momuSave tenderis specialistebi jer kidev  moZvelebuli 
saofise programebis  daxmarebiT muSaoben da marTaven satendero procesebs, rac TavisTavad 
Sromatevadia da iTxovs satendero procesebis SesrulebasTan dakavSirebuli droiTi da 
SromiTi resursebis araefeqtur xarjvas da aqedan gamomdinare Statis gabervas. amasTan, 
garTulebulia tenderSi gamarjvebuli, monawileobis gareSe darCenili da wagebuli 
monawileebis analizis SesaZlebloba. statiaSi ganxilulia sakancelario da poligrafiuli 
saqonlis importiori kompaniis magaliTi, romelic monawileobas iRebs  saxelmwifo, kerZo 
da konsolidirebul tenderebSi. procesis efeqturi marTvisTvis kompaniaSi dainerga 
evropuli sistema Bizagi Process Suite, romlis safuZvels warmoadgens biznes-procesebis 
modelirebis standartuli ena (BPMN). dasawyisSi ganxorcielda tenderebTan 
dakavSirebuli biznes-procesebis detaluri aRwera  da modelireba, ramac Tavis mxriv 
gaamartiva axali TanamSromelTaTvis procesis detaluri gageba. procesis  modelireba 
moxda biznes-procesebis modelirebis notaciis gamoyenebiT da modelirebis instrumentad 
gamoyene Bizagi Process Modeler.  modelebi mocemulia 1-3 naxazebze. 





nax.1. satendero biznes-procesis modeli (naw.1) 
 
nax.2. satendero biznes- procesis modeli (naw.2) 
 
 
nax.3. satendero winadadebis ganxilvis gafarToebuli qveprocesi 




saxelmwifo Sesyidvebis saagentos portalze (www.spa.ge) atvirTul gamartivebul 
eleqtronul tenderebSi kompaniisTvis Sesabamisi tenderebis moZieba xdeba avtomaturad,  
satendero procesebis marTvis programis meSveobiT (rasac nulamde dayavas tenderebis 
gamorCenis albaToba).  
moZiebul tenderebs ganixlavs tenderis specialisti da aniWebs statuss- an viRebT 
mocemul tenderSi monawileobas, an ar viRebT. Mmeore SemTxvevaSi xdeba monawileobis ar 
miRebis mizezis dasabuTeba, rac xels uwyobs informaciis dagrovebas. ganxilvis Semdeg 
xorcieldeba tenderis damuSaveba, TviTRirebulebis gamoTvla da satendero winadadebis 
momzadeba.  
radgan mocemuli programa aris evropuli(ucxouri) warmoebis, is ver axorcielebs 
mibmas sasawyobe  da sadistribucio programasTan, saidanac avtomaturad moxdeboda 
sasurveli saqonlis CamotvirTva, TviTRirebulebis Zieba, jamuri TviTRirebulebis 
gamoTvla, satendero fasis momzadeba da satendero dokumentaciis atvirTva.  
tenderis mogebis SemTxvevaSi, „gamartivebuli Sesyidvis, gamartivebuli eleqtronuli 
tenderis da eleqtronuli tenderis Catarebis wesis damtkicebis Sesaxeb“ dadgenilebis 
safuZvelze, programa avtomaturad Segvaxsenebs (amocanas amatebs Sesasrulebeli 
samuSaoebis velSi) saxelmwifo Sesyidvebis saagentos Tavmjdomaris brZanebis mixedviT 
moTxovnili sabuTebis  (dazustebis, adekvaturobis, nimuSebis wardgenis da 
xelSekurlebis) atvirTvis TariRebs, rac TavisTavdad gamoricxavs gadacilebuli dReebis 
gamo gamowveul diskvalifikacias. xelSekrulebis gaformebis Semdeg, moTxovnis Sesabamisad 
xorcieleba Sesyidvis obieqtis miwodeba.  
tenderis wagebis SemTxvevaSi xdeba konkurenti kompaniis winadadebis ganxilva, im 
mizezebis Sefaseba ramac gamoiwvia tenderis wageba, aseve im produqciis fasebis Seswavla, 
ramac ganapiroba konkurenti organizaciis mier naklebi fasis SeTavazeba, es informacia 
avtomaurad Tavs iyris analizis formebSi, romelsac programa avtomaturad ganalagebs 
Pivot da Grid cxrilebSi.  
am analizis formebTan Sesyidvebis deparataments aqvs wvdoma da mocemuli 
informaciis safuZvelze igi axorcielebs saqonlis imports konkurentul fasad.   
 
3. daskvna 
agebul iqna satendero biznes-procesebis BPMN modelebi, misi avtomatizacia  Bizagi 
BPM Suite-is gamoyenebiT, ramac efeqturi gaxada SromiTi da droiTi resursebis gamoyeneba,  
aseve programaSi avomtomaturad generirebulma analizis formebma gaamartiva saWiro 
informaciis droulad da martivad wvdomis da moZiebis saSualeba. Tanamedrove 
konkurentul sazogadoebaSi ki informaciis floba warmatebis erT-erTi yvelaze 
mniSvnelovani faqtoria. 





1. saxelmwifo Sesyidvebis saagento (State Procurement Agency). www.spa.ge 
2. qristesiaSvili x. (2012). marketinguli biznes-procesebis modelireba 
BPMN garemoSi. stu-s Sr.kr. `mas~-#1(12). gv.239-244.  
3.  surgulaZe g., qristesiaSvili x., surgulaZe g. (2015). sawarmoo resursebis 
menejmentis biznesprocesebis modelireba da kvleva. stu. `teqnikuri universiteti”. 
Tbilisi. 
 
BPMN MODELING AND AUTOMATION OF THE BUSINESS  
TENDER PROCESS 
Kristesiashvili Khatia, Nareshelashvili Gulbaat, Sherozia Tamaz 
Georgian Technical University 
Summary 
There is considered business process modeling of the tender process using by BPMN 
standard. There is proposed fundamental issues of the tender process automation. Using by 
modeling And automation European system Bizagi process suite. 
 
МОДЕЛИРОВАНИЕ И АВТОМАТИЗАЦИЯ ТЕНДЕРНЫХ  
БИЗНЕС-ПРОЦЕССОВ 
Кристесиашвили Х., Нарешелашвили Г., Шерозия Т. 
Грузинский Технический Университет 
Резюме 
Рассмотрены инструменты моделирования существующих бизнес-пролцессов в 
тендерных отделах организаций. Предложена автоматизация существующих в тендерных 
департаментах процессов, что дает возможность осуществить автоматизацию бизнес-
процессов, увеличить пока-затели эффектитвности трудовых и временных ресурсов. Для 
автоматизации и моделирования применена европейская система Bizagi Process Soute. 
 




studentTa Sefasebis formebi da meTodebi  
vropul da Cinur saganmanaTleblo sistemaSi 
Tamar menabde, sofio baliaSvili, Nnatalia kvaWaZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganixileba saqarTvelosa da CineTissaxalxo respublikis umaRles saswavleblebSi 
studentTa codnis Sefasebis kriteriumebi, kreditebis ranJirebis sistemebi. CineTis 
saganmanaTleblo sistemis Taviseburebebi. gaanalizebulia studentTa codnis evropuli 
da Cinuri Sefasebis formebi da meTodebi, codnis Sefasebis formebsa da meTodebs Soris 
msgavsebebi da gansxvavebebi. 
sakvanZo sityvebi:kreditebis sistema.codnis Sefasebis formebi da meTodebi. 
Sefasebis sistema. 
1. Sesavali 
saqarTvelos mierTeba boloniis deklaraciasTan da evropis saganmanaTleblo 
sivrceSi integracia dakavSirebulia procesSi monawile mxareebis mier aRiarebuli 
Semdegi ZiriTadi principebis Tanmimdevrul ganxorcielebasTan:  
 iolad gasagebi da Sesadarebeli akademiuri xarisxebis samsafexuriani sistemisa 
da kreditebis sistemis SemoReba;  
 mobilurobis xelSewyoba;  
 ganaTlebis xarisxis uzrunvelyofa;  
 umaRlesi ganaTlebis evropuli ganzomilebebis danergva;  
 swavla sicocxlis ganmavlobaSi; studentTa monawileoba umaRlesi saswavleb-
lebis marTvaSi. 
miuxedavad imisa, rom CineTi ar aris mierTebuli boloniis deklaraciasTan 
ganaTlebis sistema garkveulwilad dasavluri saganmanaTleblo sistemis msgavsia, mas 
sakuTari Taviseburebebi gaaCnia. erT-erTi ganmasxvavebeli niSani mdgomareobs akademiuri 
Sefasebis sistemaSi. CineTis skolebi da umaRlesi saswavleblebi dafuZnebulia Sefasebis 
sistemaze, romlis mixedviTac studentis Sefaseba xdeba swavlis procesSi misi 
saganmanaT-leblo miRwevebis safuZvelze. 
2. ZiriTadi nawili 
evropuli umaRlesi ganaTlebis programiT studentTa datvirTvis sqema 
gansazRvravs gaangariSebis oTx etaps: 
1. modulebis kursis SemoReba. arsebobs sistemebi damyarebuli modulebze da maT 
gareSe. sistemaSi, romelSic modulebi ar gamoiyeneba, TiToeul kurssSeiZleba 
kreditebis gansxvavebuli raodenoba hqondes, Tumca erTi wlis kreditebis jamuri 
raodenoba kvlav samocia. modulebze damyarebul sistemaSi kurss/moduls fiqsirebuli 
datvirTva aqvs. 




2. studentebis datvirTvis Sefasebis gansazRvra. Yyoveli moduli garkveul 
saganmanaTleblosaqmianobasefuZneba,romelicSemdegiaspeqtebisgaTvaliswinebiTganisazRvreba: 
 kursis tipebi: leqcia, seminari, kvleviTi seminari, savarjiSo kursi, 
praqtikuli samuSao, laboratoriuli samuSao, individualuri swavla xelmZRvanelis 
meTvalyureobiT,konsultacia, damoukidebeli mecadineoba, internatura, samuSao praqtika, 
savele praqtika, proeqtze muSaoba da a.S. 
 saswavlo saqmianobis tipebi: leqciebze daswreba, specialuri dava-lebebis 
Sesruleba, teqnikuri an laboratoriuli unar-Cvevebis gamomuSaveba, naSromebis wera, 
wignebisa da statiebis kiTxva, sxvisi naSromebis konstruqciuli kritikis swavla, 
Sexvedrebis gaZRola da a.S. 
 Sefasebis tipebi: zepiri gamocda, weriTi gamocda, prezentacia, testi, 
samecniero moxseneba, portfolio, Tezisi, internaturis angariSi, savele praqtikis 
angariSi, uwyveti Sefaseba da a.S. 
maswavleblebi gansazRvraven ama Tu im kursis/modulis dasrulebisaTvis saWiro 
dros. droSi gamoxatuli datvirTva unda emTxveodes am kursisaTvis gaTvaliswinebuli 
kreditebis raodenobas. maswavleblebma unda SeimuSaon adekvaturi strategia, raTa 
moxerxdes mocemuli drois efeqturad gamoyeneba 
3. gansazRvruli  datvirTvis  Semowmeba  studentis  miRwevebis safuZvelze 
arsebobs gansazRvruli datvirTvis sisworis Semowmebis gansxvavebuli meTodebi. yvelaze 
xSirad gamoiyeneba kiTxvarebi, romlebsac studentebi avseben swavlis ganmavlobaSi an 
kursis dasrulebis Semdeg. 
4. datvirTvis da/an saganmanaTleblo saqmianobis koreqtireba. monitoringis 
procesma an kursis Sinaarsis ganaxlebam SeiZleba gamoiwvios datvirTvis da/an saswavlo 
procesis koreqtireba. modulebze damyarebul sistemaSi aucilebeli iqneba saswavlo 
masalis raodenobis da/an swavlis, swavlebisa da Sefasebis tipebis SeTanxmeba, radganac 
kreditebis raodenoba fiqsirebulia. sistemaSi, romelic modulebs ar iyenebs, marTalia, 
SeiZleba kreditebis raodenobis Secvla, magram es, raTqma unda, imoqmedebs sxva 
erTeulebze, radganac kreditebis mTliani raodenoba aseve fiqsirebulia. 
studentebis ranJireba swavlis procesis mniSvnelovani nawilia, romelic 
zedmiwevniT aRwers am process. kreditebis transferisa da dagrovebis sistemis (ECTS) 
CarCoebSi studentebis ranJirebis (daxarisxebis) sistema Seiqmna sxvadasxva erovnul 
sistemaSi miRebuli Sefasebis gagebisa da Sedarebis gasaadvileblad. is rac erT 
erovnul sistemas ar eyrdnoba da gankuTvnilia sistemis SigniT studentebis obieqturi 
SefasebisaTvis.  
CineTis umaRles saswavleblebSi arsebobs ganaTlebis sami done. pirveli 
safexuri moicavs swavlebis 4-5 wels da sruldeba bakalavris xarisxis miniWebiT. meore 
safexuri gaTvlilia swavlebis 2-3 welze da sruldeba magistris xarisxis miniWebiT. 
swavlebis mesame safexuri 3 weli grZeldeba da sruldeba doqtoris xarisxis miniWebiT. 
misi miReba saswavlo kursis ZiriTad sagnebSi gamocdebis Cabarebas da damoukidebeli 
kvleviTi proeqtis Sesrulebas iTvaliswinebs. CineTis umravles universitetebSi 




miRebulia kreditebis sistema, es niSnavs, rom universitetebs aqvT sakmaod moqnili 
saswavlo gegmebi, romlebic iTvaliswineben Sesaswavli sagnebis CamonaTvals da 
kreditebis zust Sejamebas, an qulebs im sagnebSi, romlebis aucilebelia 
atestaciisaTvis kursis dasamTavreblad. 
Sefasebis meTodebi: Sedegebis Sesafaseblad CineTis universitetebSi gamoiyeneba 
iseTi meTodebi, rogoricaa gamokiTxva saswavlo kursis ganmavlobaSi, kursis 
damTavrebisas ki gamocdebi da agreTve Semajamebeli sakvalifikacio gamocda da 
sadiplomo samuSaos dac-va.Mmaswavleblebs ufleba aqvT stundentebs konkretuli 
Sefaseba miscen mxolod ramdenimejer saswavlo kursis ganmavlobaSi. es ricxvi 
ganisazRvreba mocemul klasSi studentTa saerTo raodenobiT. amdenad, studentebi 
uSualo konkurencias uweven erTmaneTs, raTa saukeTeso Sefaseba miiRon klasSi, imis 
gaTvaliswinebiT, rom mxolod klasis garkveul nawils SeiZleba mieces umaRlesi 
Sefaseba. 
Sefasebis formebi: imisaTvis, rom Semowmdes aTvisebuli saswavlo masalis done, 
maswavleblebi studentebs utareben testirebebs saswavlo kursis nebismier dros, 
mowmdeba saSinao davalebebi, tardeba weriTi gamokiTxvebi da testebi. mosalodneli 
gamokiTxvisa da testebis Sesaxeb studentebma ician winaswar, Tumca zogjer gamocdebs 
da testebs studentebis winaswari gafrTxilebis gareSec atareben.  
studentis Semajamebel gamocdaze daSvebis sakiTxs maswavleblebi wyveten saswav-
lo kursis ganmavlobaSi studentis winamdebare samuSaoebis Sesrule-bis SefasebiT.  
Tu arsebobs sakamaTo momentebi studentma SeiZleba miiRos individualuri 
davaleba.  
Semajamebeli gamocda SeiZleba Catardes zepiri testis an weriTi davalebebis 
formiT an am ori formis SerwymiT. zepiri testireba gamoiyeneba studentebis enobrivi 
donis Sesamowmeblad, romlis Catarebisas maswavlebeli usvams kiTxvebs students da 
sTavazobs mas Seasrulos mcire formis zepiri prezentacia mocemul Temaze.  
amJamad CineTis universitetebis umravlesobaSi bakalavriatis studentebi ar 
arian valdebulni sajarod daicvan TavianTi sadiplomo namuSevrebi. am SemTxvevaSi 
studentebi ubralod abareben TavianT namuSevrebs dekanatSi. 
zogierT universitetSi praqtikaSia proeqtis dacvis zepiri forma, studentebis 
didi raodenobis miuxedavad.  samagistro da doqtoranturis studentebi valdebulni 
arian daicvan TavianTi proeqti sajarod. CineTis universitetebSi gamocdebis Sejamebas 
warmoadgens `Cabarebulia" , an `ar aris Cabarebuli". gamocdis Sedegebis Sesafaseblad 
SeiZleba gamoyenebul iqnas Sefasebis 5 quliani sistema. pekinis universiteti iyenebs 
Sefasebis iseT sistemas riTac mkafiod gansxvavdeba CineTis sxva saganmanaTleblo 
dawesebulebebisagan. aq, gamsvleli qula 60% Seadgens, rac ara mxolod testirebebisa 
da gamocdebis Sedegebzea dafuZnebuli, aramed mas saswavlo kursis ganmavlobaSi 
leqciebze daswreba da saSinao davalebebis Sesrulebac ganapirobebs. 
 
 




Sefaseba 100 quliani skaliT 






















 A B C D E 
CineTi 90-100% 75-84% 64-74% 60-63% 0-59% 
warCine-
buli 
Kkargi damakmayofilebeli Cabarebuli CaiWra 
 
3. daskvna 
ramdenadac saqarTvelos saxelmwifos strategiuli mizani evrokavSirSi 
gawevrianebaa, CvenTvis gansakuTrebiT mniSvnelovania monawileoba evropis 
saganmanaTleblo sivrceSi mimdinare procesebSi, romelTa ZiriTad mizania erTiani, 
evropuli saganmanaTleblo sivrcis Seqmna. magram miuxedavad amisa evropisa da CineTis 
umaRles saswavleblebSi  moqmedi codnis Sefasebis kriteriumebis, Sefasebis formebisa 
da meTodebis ganxilvis Sedegad SeiZleba vTqvaT, rom arsebobs arsebiTi msgavsebebi da 
gansxvavebebic. miuxedavad arsebuli gansxvavebebisa CineTis saganmanaTleblo sistemas 
bevri saerTo aqvs evropulTan. 
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STUDENTS KNOWLEDGE ASSESSMENT FORMS AND METHODS IN EUROPEAN AND 
CHINESE EDUCATION SYSTEM 
Menabde Tamar, Baliashvili Sofia, Kvachadze Natalia 
Georgian Technical University 
Summary 
Article discusses criteria of assessing students’ knowledge in Georgian and Chinese 
higher education institutions as well as the system of credit ranging. Article also discusses 
characteristics of China's higher education System. The article analyzes European and 
Chinese forms and methods for assessing students, similarities and differences between 
the assessment forms and methods. 
 
 
МЕТОДЫ И ФОРМЫ ОЦЕНИВАНИЯ СТУДЕНТОВ В ОБРАЗОВАТЕЛЬНОЙ  
СИСТЕМЕ ЕВРОПЫ ИКИТАЯ 
Менабде Т.,  Балиашвили С., Квачадзе Н. 
Грузинский Технический Университет 
Резюме  
Рассматриваются критерии оценивания знаний в высших учебных заведениях 
Грузии и Китайской Народной Республики. Ранжирование системы кредитов. Особенности 
образовательной системы Китая. Eвропейские и китайские методы и формы оценивания 
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sakredito portfelis marTvis analizi da monitoringis 
struqturuli modelis SemuSaveba 
mariam dvaliSvili 
saqarTvelos teqnikuri universiteti 
reziume 
korporatiul kreditebis sferoSi bankis riskis efeqturi marTvisTvis ar aris 
sakmarisi marto maTi xarisxis Sefaseba,aseve saWiroa sxvadasxva meTodebis da 
RonisZiebebis gamoyeneba, romlebic mimarTulia riskebis minimalizaciisaken.korporatiul 
kreditebis sferoSi bankis klientebs warmoadgens iuridiuli pirebi. kreditis zoma 
orientirdeba saSualo korporatiul klientebze. sakredito riskis marTvis procesSi 
mniSvnelovania riskebis kontroli. statiaSi ganxilulia riskebis koncentraciis 
limitis, msxvili sakredito riskebis erToblivi limitis moculobis gansazRvrisa da 
sakredito portfelis riskebis koncentraciis limitis analizis Sesaxeb sakiTxebi. 
sakvanZo sityvebi: sakredito limiti, sakredito riski,riskebis kontroli,sesxi, 
sakredito politika. 
1. Sesavali 
korporatiuli kreditis zoma orientirdeba saSualo korporatiul klientebze 
romlis wliuri Semosavalia 50-dan 500 000 laramde. banki sTavazobs kredits 
nacionalur da ucxour valutaSi, maT Soris Ria sakredito xazebs, klientis programis 
ganxorcielebisTvis. sakredito xazebi SeiZleba iyos aRdgenili da banki warmoadgens im 
SemTxvevaSi, Tu klientisTvis aucilebelia sabrunavi saSualebebi, warmoebis aucilebeli 
moculobisTvis an vaWrobisTvis. sabanko garantiebis warmodgenisas, nacionalur an 
ucxour valutaSi, banki garantias iZleva, rom Sesruldes klientis mier misi 
valdebuleba, kontragentebis an sxva bankebis winaSe. im SemTxvevaSi Tu klienti Tavis 
droze ver Seasrulebs valdebulebas, maSin banki asrulebs klientis movaleobas. banki 
anxorcielebs ufro stabilur da dinamiurad ganviTarebuli warmoebebis kreditirebas, 
magaliTad: sakvebi produqtebis warmoeba da vaWroba, eleqtronika, qseluri kompaniebi, 
aseve developeruli da samSeneblo biznesi[1]. 
2. riskebis koncentraciis limitis gansazRvra 
riskebis  koncentraciis limitiwarmoadgens sakredito riskis saerTo  Tanxas erT 
msesxebelze. msesxebelTa Sekruli jgufisTvis  gansazRvrulia 25% bankis ZiriTadi 
kapitalis koreqtirebuli moculobidan, magram araumetes 10%-isa sakredito portfelis 
Tanxidan [2]. 
gaangariSeba warmoebs yovel gasaangariSebel ricxvze mocemul SemTxvevaSi 
dasaangariSebeliricxvi iqnebaTvis bolo dRe. 
sakredito portfelis zrdis tempi aseve damokidebulia sezonurobasTan, xSir 
SemTxvevaSi vardna xdeba ianvarSi [3]. 
mocemuli limitis Sesasruleblad erT-erT optimalur gadawyvetilebas  
warmoadgens an bankis kapitalis gazrda sakredito portfelis zrdis proporciulad an 
msesxeblis limitis ufro Zirfesviani Semowmeba. maqsimaluri Tanxis gacemis gansazRvris 
sirTules  warmoadgens is, rom gavigoT SeiZleba Tu ara, CavrToT analizSi sakredito 
instrumentebis sxva formebi. analizi Seicavs pirobiT pasuxismgeblobas, rogorebicaa 
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garantiebi, akreditivebi, aseve momavali moTxovnebi, romlis uzrunvelyofac iTava bankma. 
principSi pirobiTi valdebuleba  unda ganisazRvros sakredito riskebis moculobis 
erTobliobiT, Tumca zogi ram SeiZleba ganvixiloT sxva mxrivac. magaliTad, finansuri 
valdebulebis garantia SeiZleba  ganvixiloT ara ise, rogorc Sesrulebis garantia. 
gaviTvaliswinoT Tu ara winaswari Senatani limitebis Sefasebisas, sadao sakiTxia, 
radgan winaswari Senatanis Rirebulebis gansazRvra-es aris umaRlesi xarisxis 
subieqturi procesi. bankis sakredito ganyofilebis TanamSromlebma  mudmivad unda 
miaqcion yuradReba movlenebs, romlebic exebaT msxvil msesxeblebs, imis miuxedavad 
asruleben  Tu ara isini Tavis movaleobebs bankis winaSe. Tu raime SemTxveva iwvevs 
gaugebrobas, bankma unda moiTxovos msesxeblis damatebiTi informacia. bankis 
zedamxedvelobis organoebi yovelTvis did dros uTmoben bankis  riskebis koncentracias. 
maTi mizani sakredito riskebis marTvis saxiT warmoadgens is, rom bankebi unda 
endobodnen erT did msesxebels an msesxeblebis jgufs, magram am dros isini ar unda 
karnaxobdnen banks, vis unda miscen krediti da vis ara. Tanamedrove sabanko regulaciebi, 
Cveulebriv uyenebs banks pirobas ar ganaxorcielos investiciebi, ar warmoadginos didi 
kreditebi an sxva saxis sakredito instrumentebi nebismieri calkeuli iuridiuli 
pirebisaTvis an urTierTdamokidebuli jgufis iuridiuli pirisTvis. mocemuli 
SezRudvebis gamoyenebiT,zedamxedvelobis organoebs SeuZliaT akontrolon mTlianad, 
rogorc sabanko seqtori, aseve calkeuli bankebis sakredito portfelis struqtura, 
raTa daicvan Semomtanebis interesebi da Tavidan aicilon  kritikuli situaciebi sabanko 
seqtorSi.  
3. msxvili sakredito riskebis erToblivi  
limitis moculoba 
yvela msesxeblis sakredito riskis jami (msesxeblebis jgufi, romlebsac gaaCniaT 
5%-ze meti pozicia bankidan, SemosazRvrulia 800% bankis sakuTari saxsrebidan. 
limitis daangariSebas vaxdenT Tvis bolo dRes. vpoulobT aucilebel parametrs raTa 
ganvsazRvroT sakredito riskis maqsimaluri zoma - msxvili erTeuli kreditis zoma. is 
ganisazRvreba rogorc 5% sakuTari kapitalidan, romelic SesabamisobaSia centraluri 
bankis normebTan. gaTvlas vawarmoebTMicrosoft Office Excel-is saSualebiT da SedegebiT 
warmovadgenT cxril 1-Si. 
 
 
miRebuli Sedegebis ganxilviT Cven vxedavT, rom msxvili sakredito riskebis  
maqsimaluri zoma 31.03.2012 wlisTvis Seadgens 277%-s, es savsebiT akmayofilebs bankis 
mier gacemuli msxvili kreditebis erToblivi zomis SezRudvis pirobebs. cxrilidan 
naTlad Cans, rom arsebobs  dadebiTi dinamika, anu mocemuli maCveneblis TandaTanobiT 
Zirs daweva. cxrilidan aseve Cans, rommsesxeblebis wils sakredito portfelSi gaaCniaT 
umniSvnelo ryeva gansaxilvel periodSi wilis saSualo maCvenebelTan SedarebiT, rac 
Seadgens 40%. aqedan Cans, rom kapitalis gazrdiT  Sesabamisad calkeuli msxvili 
kreditis sididis gazrdiT izrdeba kreditis moculobebi. 
 





4. sakredito portfelis riskebis koncentraciis limiti 
msxvili sakredito riskebis koncentraciisTvis saWiroa vakontroloT sakredito 
portfeli uzrunvelyofa. mTlianobaSiSeiZleba gamovyoT uzrunvelyofis ZiriTadi saxeebi 
sagirao portfelTan ukeTesad samuSaod (cxrili 2). 
yvela banki miiswrafis uzrunvelyofili kreditebis gacemaze, rac amcirebs 
sakredito riskis xarisxs. analizis msvlelobisas aucilebelia gaviTvaliswinoT, rom 
sesxebi, romlebsac gaaCniaT uzrunvelyofa, aqvT ufro dabali riski vidre 




sakredito garigebis uzrunvelyofas Tan sdevs Semdegi ZiriTadi miznebi:  
- warmoadgens sakredito saSualebebis dabrunebis sawyiss mis uzrunvelyofil 
nawilSi, kreditis daubruneblobis SemTxvevaSi; 
- stimuls aZlevs msesxebels droul momsaxureobaze da kreditis dabrunebaze; 
- warmoadgens informaciis damatebiT wyaros msesxeblis kreditunarianobaze. amis 
mixedviT banki sakredito politikaSi damoukideblad awesebs Sesabamis limitebs 
garkveuli saxis uzrunvelyofze, xSir SemTxvevebSi limiti dgindeba garigebis 
likvidaciis uzrunvelyofiT. Cvens SemTxvevaSi likvidirebuli SeiZleba davarqvaT 
uzrunvelyofas garigebis saxiT, sabanko garantiebs, Tavdebobas, garantirebul depozits. 
aseve Tu ra saxisaa uzrunvelyofa, koreqtirdeba rezervi SesaZlebel sesxebis 
danakargebTan. davuSvaT, Cvens  SemTxvevaSi limitebi dgindeba Semdegi proporciiT 
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(cxrili 2). aseve davuSvaT, rom limitebi dgindeba erTi wliT wina gamocdilebis 
gaTvaliswinebiT, uzrunvelyofis gansazRvruli saxeobiT, maTi eqspertizaze daxarjuli 
xarjebis aRricxvaze, gaformebaze da monitoringze. am monacemebs gavukeToT analizi 
Cveni sakredito portfelisTvis. gaTvla xorcieldeba Semdegi saxiT: sakredito 
portfelis erTobliobidan virCevT im sesxebs, romlebsac gaaCniaT uzrunvelyofa da 
klasifikacias vukeTebT mTel giraos portfelis Semdegi saxiT: arauzrunvelyofili 
kreditebi, mesame piris Tavdeba, girao moTxovnis an gamosyidvis uflebiT, saqoneli, 
mowyobilobebi, bankebis grantebi, uZravi qoneba, sagarantio depozitebi. Semdeg 
ganvsazRvravT yvelas wils giraos portfelSi. 
gaTvlebs vawarmoeT gamoyenebiTi programis Microsoft Office Excel-is daxmarebiT da 
Sedegebs warmodgenilia cxril 3-Si.rogorc vxedavT mocemuli cxrilidan uZravi qonebis 
giraos wili mudmivad izrdeba, rac warmoadgens dadebiT tendecias, ase, rom es aris 
erT-erTi garantirebuli giraos saxeoba defoltis SemTxvevaSi. aseve cxrilSi asaxulia 
limitis Seusrulebloba saqonlis giraoSi, misi wili mudmivad mcirdeba. giraos 
portfeli stabiluria, praqtikulad ar SeiniSneba aSkara gadaxrebi struqturaSi. es 
miuTiTebs giraos efeqtur politikaze. 
Dcxr.3 
 
SeiniSneba mudmivi dinamika iseTi tipis uzrunvelyofis mxridan, rogoricaa mesame 
piris Tavdeba, limiti dadgenilia 30%-is farglebSi, xolo 31.03.2012 wlisTvis es 
maCvenebeli Seadgens 54,7%-s. saSualo maCvenebeli mTeli periodis ganmavlobaSi 
31.01.2011-dan 31.03.2012-is CaTvliT tolia 59,6%. es aris signali imisa, rom gadaixedos 
mocemuli limiti. 
5. daskvna 
Catarebuli kvlevebis Sedegad unda gaviTvaliswinoT, rom giraos portfelSi 
aucilebelia gaizardos maRallikvidirebuli girao. sakredito politika aseve unda 
iTxovdes, rom limitebi uzrunvelyofis saxiT xSirad unda iyos gadaxedili. ase, rom 
giraos portfelis monitoringi da kontroli erT-erTi mniSvnelovani amocanaa 
sakredito riskebis marTvisas komerciul bankSi. 
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CREDIT PORTFOLIO MANAGEMENT ANALYSIS AND DEVELOPMENT OF STRUCTURAL 
MODELS OF MONITORING 
Dvalishvili Mariam 
Georgian Technical University 
Summary 
In the field of corporate credit, for effectively managing the Bank risk it is not enough to 
assess risk degrees only, in fact, implementing various methods and measures is needed which are  
directed towards risk minimization. In the field of corporate credits, legal entities represent Bank 
clients. Size of a loan focuses on average corporate clients. Controling the risks is important in the 
process of credit risk management. The present article discusses topics such as risk concentration 
limits, large credit risks in the joint limit capacity determination and analysis of credit portfolio 
risk concentration limits. 
 
АНАЛИЗ УПРАВЛЕНИЯ КРЕДИТНОГО ПОРТФЕЛЯ И  РАЗРАБОТКА  
СТРУКТУРНОЙ МОДЕЛИ МОНИТОРИНГА 
Двалишвили М. 
Грузинский Технический Университет 
Резюме 
Для эффективного управления банковскими рисками в сфере корпоративного 
кредитования не достаточно оценить только его качество, также необходимо использовать 
различные методы и способы, которые направлены на минимизацию рисков.В сфере 
корпоративного  кредитования клиентами банка являются юридические лица. Размер 
кредита ориентирован на среднего корпоративного клиента. В процессе управления 
кредитного риска важен контроль риска.В статье рассмотрены вопросы, касающиеся лимита 
концентрации риска, определение объема единого лимита крупного кредитного риска и 
анализ лимита концентрации рисков кредитного портфеля. 
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eleqtronuli xelmoweris namdviloba – teqnologiuri da 
samarTlebrivi aspeqtebi 
qeTevan mefariSvili1, luka kardenaxiSvili2 
1-petre SoTaZis saxelobis Tbilisis samedicino akademia 
2-saqarTvelos universiteti 
reziume 
Tanamedrove msoflioSi sabazro ekonomikam ganviTarebis mniSvnelovnad maRal dones 
miaRwia. Sesabamisad, gaizarda saqonelze moTxovna, xolo daCqarda miwodebis tempebi. 
yovelive aman ganapiroba eleqtronuli vaWrobis aRmoceneba da ganviTareba, romelSic  
udidesi wvlili Seitana sainformacio teqnologiebis, maT Soris, internetis gavrcelebam 
adamianis moRvaweobis yvela sferoSi. eleqtronuli vaWrobis mniSvnelovan iaraRad 
moiazreba eleqtronuli xelmowera, romlis meSveobiTac xorcieldeba sxvadasxva 
xelSekrulebis dadeba. ganxilulia eleqtronuli vaWrobis samarTlebrivi aspeqtebi, 
romelSic moiazreba rogorc sxvadasxva tipis xelSekrulebis gansazRvra, aseve misi 
gaformebis teqnologia. warmodgenilia eleqtronul xelmowerasTan dakavSirebuli 
samarTlebrivi regulirebis sakiTxebi rogorc kontinenturi evropis, anglo-amerikuli 
samarTlis qveynebis, aseve saerTaSoriso organizaciis mier SemuSavebuli direqtivebi da 
saxelmZRvanelo principebi.  
sakvanZo sityvebi: eleqtronuli vaWroba. eleqtronuli xelmowera. saimedooba. 
1. Sesavali 
eleqtronuli vaWroba SesaZlebelia ganvsazRvroT, rogorc `teqnologiuri, 
ekonomikuri, safinanso da iuridiuli urTierTobebis erToblioba” [1]. eleqtronul 
vaWrobasa da eleqtronul xelmoweraze saubrisas gverds ver avuvliT saerTaSoriso 
savaWro samarTlis gaeros komisias (UNCITRAL), romelmac SeimuSava modeluri kanoni 
`eleqtronuli vaWrobis Sesaxeb” (Model Law of Electronic Commerce), sadac ganixiles 
eleqtronul vaWrobasTan dakavSirebuli sakiTxebi. xolo, 2002 wels maT mierve Seiqmna 
modeluri kanoni ` eleqtronuli xelmowerebis Sesaxeb” (Model Law on Electronic Signatures), 
romlis mizanic iyo iseTi saSualebebis Seqmna, romelic xels Seuwyobda eleqtronuli 
xelmowerebis gamoyenebas teqnikuri saimedoobis kriteriumebis Seqmnis gziT, romelic 
SesaZlebels gaxdida xeliT Sesrulebuli xelmowerisa da eleqtronuli xelmoweris 
eqvivalenturobas. Sesabamisad, `eleqtronuli xelmowerebis Sesaxeb” modelur kanons 
SeuZlia daexmaros saxelmwifoebs Tanamedrove, harmonizebuli da samarTliani 
kanonmdeblobis SeqmnaSi, romelic aRniSnuli sakiTxis mogvarebaSi mniSvnelovan rols 
Seasrulebs [2]. 
2. ZiriTadi nawili 
saxelmwifoebis mier Tanamedrove, harmonizebuli da samarTliani kanonmdeblobis 
Seqmnis mizani safuZvlad daedo eleqtronuli xelmoweris namdvilobasTan dakavSirebuli 
samarTlebrivi regulirebis Seqmnas. kerZod, 2008 wels Seiqmna saqarTvelos kanoni 
`eleqtronuli xelmowerisa da eleqtronuli dokumentis Sesaxeb”, romlis me-2 muxlis 
`e” qvepunqti ganmartavs eleqtronuli xelmoweris mniSvnelobas: `eleqtronuli 
xelmowera – nebismieri eleqtronuli saSualebis gamoyenebiT Seqmnil monacemTa 
erToblioba, romelsac xelmomweri iyenebs eleqtronul dokumentTan misi kavSiris 
210 
 
Transactions. Georgian Technical University. AUTOMATED CONTROL SYSTEMS -  No 1(21), 2016   
aRsaniSnavad”. logikuria (da warmodgenili ganmartebidanac irkveva), rom eleqtronuli 
xelmowera uSualodaa dakavSirebuli ama Tu im dokumentTan. kanoni gvaZlevs ganmartebas 
eleqtonul dokumentTan dakavSirebiT. es aris eleqtronuli, optikuri an sxva msgavsi 
saSualebis gamoyenebiT Seqmnili, gagzavnili, miRebuli an Senaxuli werilobiTi informacia, 
romelic adasturebs iuridiuli mniSvnelobis faqts an iuridiuli mniSvnelobis armqone 
faqts. 
warmodgenili ganmartebis safuZvelze SesaZlebelia daskvnis gakeTeba Semdegi saxiT: 
vinaidan eleqtronuli xelmowerisas xdeba xelmomweri piris kavSiris dadgena eleqtronul 
dokumentTan, ganmsazRvrelia ara is teqnikuri saSualeba, risi meSveobiTac xdeba 
xelmowera, aramed xelmomweri piris nebis gansazRvra. Tumca es, Tavis mxriv ar gulisxmobs 
teqnikuri saSualebis gaumarTaobas. TavisTavadia, rom eleqtronuli xelmowera unda 
ganxorcieldes teqnikuri usafrTxoebis normebis dacviT.  
wlebis manZilze ganviTarda eleqtonuli xelmoweris araerTi teqnologia. TiToeuli 
teqnologia miznad isaxavs sxvadasxva moTxovnilebis dakmayofilebas da gansxvavebuli 
usafrTxoebis donis miwodebas. eleqtronuli auTentikaciis da xelmoweris meTodebi 
SesaZloa daiyos sam kategoriad. esenia: momxmareblis an mimRebis codnaze dafuZnebuli 
(magaliTad,Apasportis nomeri, pirovnebis saidentifikacio nomrebi), momxmareblis fizikur 
maxasiaTebelze dafuZnebuli (magaliTad, biometriuli) da momxmareblis mier garkveuli 
nivTis flobaze (kodi an sxva saxis informacia, romelic datanilia magnitur baraTze). 
meoTxe kategoriad SeiZleba CaiTvalos auTentifikaciisa da xelmoweris sxvadasxva 
meTodebi,  romelic ar jdeba arc erT zemoT CamoTvlil kategoriaSi da romelic SesaZloa 
aseve iqnes gamoyenebuli xelmoweris avtoris misaTiTeblad (magaliTad, faqsimile, romelic 
asaxavs xeliT Sesrulebul xelmoweras, an eleqtronuli Setyobinebis boloSi beWduri 
saxiT miTiTebuli saxeli da gvari) [3] 
mokled mimovixiloT xelmowerisa da auTentifikaciis 4 ZiriTadi meTodi: cifruli 
xelmowerebi, biometriuli meTodi, parolebi da hibriduli meTodebi, skanirebuli an 
beWduri saxiT Sesrulebuli xelmowerebi [3]: 
1. cifruli xelmowera faqtobrivad warmoadgens aplikacias, romelic asimetriuli 
kriptografiis gamoyenebiT (aseve ewodeba sajaro gasaRebis kodirebis sistema) 
uzrunvelyofs eleqtronuli Setyobinebis auTenturobasa da mTlianobas. dReisdReobiT 
cifruli xelmoweris sxvadasxva saxe gamoiyeneba, rogorebicaa: fail stop cifruli 
xelmowera, brma xelmowerebi da udavo xelmowerebi; 
2. biometriuli meTodi amosacnobad iyenebs pirovnebis iseT arsebiT qcevebsa da 
maxasiaTeblebs, rogorebicaa: dnm, Tvalis feradi garsi, badura, xelisa da saxis agebuleba, 
saxis Termograma, yuris forma, tanis suni, xelmowera Tu siarulis manera; 
3. parolebi da kodebi gamoiyeneba informaciaze an servisze wvdomis gasakontroleblad 
da eleqtronuli komunikaciis dros `xelmosawerad”. dResdReisobiT maTi gamoyeneba 
gacilebiT xSiria, yvelaze farTod gavrcelebuli forma paroli da kodia. maT gamoiyeneben 
mravali tipis tranzaqciis dros, maT Soris internet-bankingisa Tu naRdi fulis gacemis 
dros e.w. bankomatebTan da sakredito baraTebTan; 
4. skanirebuli da beWduri saxiT Serulebuli xelmowerebi – ZiriTadi mizezi 
eleqtronuli vaWrobis samarTlebrivi mowesrigebisa kerZo samarTlis seqtorSi iyo dava 
imis Taobaze, Tu rogor iqneboda SesaZlebeli axal teqnologiebs gavlena moexdina 
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kanonebis Sesrulebaze. teqnologiebze amgvarma yuradRebam, iqneboda es nebiT Tu uneblieT, 
gamoiwvia is, rom kompiuteruli teqnologiebi daixvewa, raTa usafrTxoebis ufro maRali 
masStabebi SemoeTavazebina CvenTvis. gasaTvaliswinebelia isic, rom mravali biznessubieqti 
jer kidev ar iyenebs eleqtronuli xelmoweris arc erT formas. 
samarTlebrivi da teqnologiuri Seusabamoba aris is ori ZiriTadi sirTule, romelic 
saxelmwifoTaSoris eleqtronuli xelmowerisa da auTentifikaciis meTodebis gamoyenebisas 
ikveTeba, kerZod ki im viTarebaSi, romelic miznad isaxavs samarTlebrivad namdvili 
xelmoweris Canacvlebas. teqnikuri Seusabamoba gavlenas axdens auTentifikaciis sistemebis 
funqcionaluri Tavsebadobis miRwevisas. ZiriTadi samarTlebrivi Seusabamoba Tavs iCens 
maSin, roca sxvadasxva qveynis samarTals sxvadasxva moTxovnebi da pirobebi aqvT 
eleqtronuli xelmowerebis sinamdvilesa da kanonierebasTan [3]. 
sainteresoa eleqtronuli formiT dadebuli xelSekrulebebis mimoxilva. iuridiul 
literaturaSi SeiZleba gamovyoT internetis meSveobiT xelSekrulebis dadebis ori 
saSualeba: pirveli - xelSekrulebis dadeba eleqtronuli fostis meSveobiT, meore – 
vebgverdis (e.w. saiti) meSveobiT. pirvel SemTxvevaSi, eleqtronuli fostiT xdeba 
Cveulebriv ofertisa da aqceptis gagzavna-miReba. meore SemTxvevaSi, aqceptanti, romelsac 
surs miiRos saitze ganTavsebuli SeTavazeba, avsebs Sesabamis formas, uTiTebs sakuTar 
Tavze informacias da aWers Tanxmobis Rilaks, romelic mocemulia Sesabamis gverdze.  
mniSvnelovania, Tu ra samarTlebrivi principebi vrceldeba am SemTxvevaSi, aseTi saxiT 
dadebuli xelSekrulebebis dros da saerTodac, rodis iTvleba isini dadebulad. 
kontinenturi evropis samarTlis mixedviT (saqarTveloc kontinenturi evropis 
samarTlebriv qveyanas miekuTvneba), rodesac orive mxare gaakeTebs winadadebas, e.i. saxeze 
iqneba oferti, igive SeTavazeba da aqcepti anu Tanxmoba, xelSekruleba dadebulad iTvleba 
momentidan, roca aqcepti miuva meore mxares.  
gansxvavebul midgomas iziarebs anglo-amerikuli samarTali, sadac moqmedebs e.w. mail 
box anu safosto yuTis principi, anu xelSekruleba dadebulad iTvleba maSin, roca aqcepti 
gakeTda, eleqtronuli vaWrobis SemTxvevaSi, magaliTad, Tu aviRebT, rom Tanxmoba igzavneba 
el-fostiT, dro, rodesac programa mosargebles miawvdis informacias werilis gagzavnis 
Sesaxeb. problemebisgan Tavis aridebis mizniT mxareebi Tanxmdebian, rom Setyobineba 
saWiroebdes Tanxmobas da mas amiT winaswar xasiaTs sZenen [1]. 
rodesac garigeba eleqtronuli formiT ideba, aucilebelia, rom xelmowera 
asrulebdes Semdeg iuridiul funqciebs: miuTiTebdes, Tu vin moawera xeli eleqtronul 
dokuments; iZleodes garantias, rom eleqtronuli dokumenti xelmowerilia uflebamosili 
piris mier; uzrunvelyofdes xelmowerili dokumentis namdvilobas; niSnavdes garigebis 
mxareTa nebis gamovlenas; axdendes eleqtronuli gziT dadebuli garigebis werilobiTi 
formis garigebad simbolizebas [1]. 
eleqtronuli xelmoweris arsebobis mizaniა, rom mas gaaCndes igive iuridiuli Zala, 
rac werilobiTi gziT dadebul garigebas. eleqtronuli xelmowera SeiZleba iyos martivi, 
romlis ganxorcieleba martivi saSualebebis gamoyenebiT xdeba, (magaliTad, skanirebuli 
xelmowera) Tumca aseTi tipis xelmoweris usafrTxoeba dabalia. misgan mniSvnelovnad 
gansxvavdeba eleqtronuli xelmowera, romelic wyvili gasaRebis gamoyenebiT xorcieldeba. 
xelSekrulebis eleqtronuli gziT dasadebad aucilebelia teqnikurad usafrTxo da 
samarTlebrivad aRiarebuli saSualebebis gamoyeneba. 
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eleqtronuli dokumentis auTentifikaciisa da xelSeuxeblobis yvelaze usafrTxo 
saSualeba aris cifruli xelmowera, radgan igi emyareba wyvili gasaRebis – Ria da 
daxurulis gamoyenebas. simboloTa erToblioba, romlis generirebac xdeba specialuri 
algoriTmiT – dokumentis teqstisa da dokumentis xelmomweri piris piradi kodis 
SerwymiT, ganuyoflad akavSirebs erTmaneTTan konkretul dokumentsa da pirs. Tundac erTi 
simbolos Secvla gamoiwvevs xelmoweris Seusabamobas [1]. 
sxvadasxva qveynebSi ganxorcielebuli eleqtronuli xelmowerebis namdvilobis 
sakiTxs evrokavSiris qveynebSi `eleqtronuli xelmoweris Sesaxeb” direqtiva ganmartavs. 
mniSvneloba eniWeba aris Tu ara xelmomweri qveyana evropis kavSiris wevri. eleqtronuli 
xelmowerebis Sesaxeb saxelmwifoTa Soris ideba ormxrivi Tu mravalmxrivi 
xelSekrulebebi, romlis safuZvelzec xdeba eleqtronul xelmowerasTan dakavSirebuli 
sakiTxebis mowesrigeba.  
mniSvnelovania aseve is sakiTxi, romelic exeba cifruli xelmoweris sertifikats. 
saqarTvelos kanoni `eleqtronuli xelmowerisa da eleqtronuli dokumentis Sesaxeb” 
ganmartavs, rom cifruli xelmoweris sertifikati aris eleqtronuli dokumenti, romelic 
gacemulia akreditebuli sertifikatis gamcemis mier da Seicavs cifruli xelmoweris Ria 
gasaRebs, iZleva cifruli xelmoweris Seqmnis, misi namdvilobis Semowmebisa da 
xelmomweris vinaobis dadgenis saSualebas. am ganmartebidan gamomdinare, cifruli 
xelmoweris sertifikati aris xelmoweris namdvilobis dacvis saSualeba. pirTa 
identifikaciisaTvis iqmneba sxvadasxva centrebi, rac ufro kvalificiuri iqneba centri, 
TavisTavad, miT ufro metad usafrTxo iqneba mis mier gacemuli sertifikati [4]. 
sasertifikato centrebis funqcionirebisa da aseve eleqtronuli xelmowerebis 
ganviTarebis pirvel etapze, qveynebma romlebmac praqtikaSi danerges centrebis sistemis 
funqcionireba, upiratesoba mianiWes maT licenzirebas an akreditacias, Tumca evrokavSiris 
direqtivaSi upiratesoba centrebis Tavisufal muSaobas eniWeba.  
sainteresoa, rogor ganvsazRvroT zianis odenoba da sertifikaciis centrebis 
pasuxismgeblobis farglebi saWiroebis SemTxvevaSi. direqtivebis, modaluri kanonisa da 
sxvadasxva qveynebSi praqtikulad moqmedi kanonmdeblobis Sejerebis safuZvelze SeiZleba 
iTqvas, rom sertifikaciis centrebis mimarT moqmedebs pasuxismgeblobis SezRuduli sqema, 
romelic sertifikaciis centrisaTvis pasuxismgeblobis dakisrebas realuri zianis 
odenobiT iTvaliswinebs (vinaidan nebismier pirs gaaCnia ndoba sertifikatis gamcemi 
organosadmi). pasuxismgebloba ar moicavs miuRebel Semosavals da moralur zians da 
organo pasuxs agebs mxolod im farglebSi, risi zRvaric miTiTebulia sertifikatSi. 
pasuxismgeblobis zRvari individualurad SesaZlebelia gansxvavebuli iyos [1]. 
3. daskvna 
yovelive zemoTqmulidan gamomdinare SeiZleba iTqvas, rom eleqtronul 
xelmowerasTan dakavSirebuli samarTlebrivi regulireba unda miesadagebodes teqnologiur 
winsvlas. rodesac Cndeba axali teqnologia, romelic ufro moqnils xdis eleqtronul 
savaWro urTierTobebs, aucilebelia Seiqmnas saTanado samarTlebrivi regulireba da 
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VALIDITY OF ELECTRONIC SIGNATURE – TECHNOLOGICAL AND  
LEGAL ASPECTS 
Ketevan Meparishvili1, Luka Kardenaxishvili2 
1-P. Shotadze Tbilisi Medical Academy 
2-University of Georgia 
Summary 
 
Modern life has led the market economy to its highest levels. Supply and demand of good 
have raised. This was a reason of appearing a new type of trade called electronic commerce. A big 
part of it was the growth of information technology, including internet interference in all spheres 
of human life. A mandatory tool of e-commerce is an electronic signatures that help us setting up a 
contract. Thesis presents the legal aspects of electronic commerce, which includes definition of 
various types of contracts and the technology of setting up these types of contracts. Here are 
discussed the legal regulations on electronic commerce in common law and civil law countries, 
directives and manual principles classified by international organization. 
 
 
АУТЕНТИЧНОСТЬ  ЭЛЕКТРОННОЙ ПОДПИСИ – ТЕХНОЛОГИЧЕСКИЕ И  
ПРАВОВЫЕ АСПЕКТЫ 
Мепаришвили К.1, Карденахишвили Л.2 
1-Тбилисская Медицинская Академия им. П. Шотадзе 
2-Университет Грузия 
Резюме 
В современном мире  рыночная экономика достигла чрезвычайно высокого уровня 
своего развития. Ускорились спрос и предложение товаров, что привело к появлению новой 
области торговли, которая называется электронной торговлей.  Наибольший вклад в такой  
вид торговли внесли  новые технологические разработки, в том числе интернет, который 
охватывает  все сферы жизни человека. Главным оружием электронной торговли можно 
считать электронную подпись, с помощью  которой можно создать различные типы 
договоров. В статье представлены правовые аспекты электронной торговли. Рассмотрены 
технологии создания и определения типов контрактов. Представлены легальные аспекты, как 
для континентальной Европе, так и в  англо-американских странах , также руководящие 
принципы и директивы международных организаций.   
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fizikuri qimia - PHYSICAL CHEMISTRY- 
ФИЗИЧЕСКАЯХИМИЯ 
 
eleqtronis minimaluri energia atomSi 
givi xideSeli    
qimiur mecnierebaTa kandidati 
 
reziume 
ganxilulia eleqtronis minimaluri energia atomSi.gamoTqmulia azri rom atomSi 
eleqtronebis minimaluri energia erTnairia da Seesabameba birTvis mier eleqtronis 
mizidvisa da garemos energetikuli fonis energiebis wonasworul mdgomareobas. igi udris 
garemos energetikuli fonis energias da regulirdeba eleqtronis mier garemodan energiis 
STanTqmiT an garemoSi energiis gamosxivebiT, ris gamoc eleqtroni birTvze ar daecema, rac 
ganapirobebs atomTa mdgradobas. 
sakvanZo sityvebi: eleqtroni. atomi. energia. garemos energrtikuli foni. mdgradoba. 
1. Sesavali 
cnobilia, rom atomi Sedgeba protonebisa da neitronebis Semcveli dadebiTad  
damuxtuli atomis gulisa da mis garSemo myofi uaryofiTad damuxtuli eleqtronebisagan,  
romlebic warmoqmnis eleqtronul Rrubels.  
dadebiT birTvsa da eleqtronebs Soris urTierTqmedeba eleqtomagnituria da vlindeba 
kulonuri Zalebis saxiT[1].damuxtuli nawilakebis urTierTqmedebaSi monawileobs agreTve 
fotonebi. maTSTanTqavs an gamoaaxivebseleqtronebi da uzrynvelyofili xdeba atomTa 
mdgradoba.  
atomis Tvisebebs ukavSireben gareTa Sris eleqtronebis qcevas, romlebsac optikuri  
an savalento eleqtronebi ewodeba. 
2. ZiriTadi nawili  
atomSi eleqtronis mdgomareobidan aRsaniSnavia misi minimaluri energia, romlis  
Sesaxebac arsebobs azri, romkvanturi meqanikis mixedviT eleqtronis energia minimaluria  
maSin, roca is imyofeba birTvidan (wyalbadis atomSi) boris pirveli orbitis radiusis  
farglebSi. danarCen SemTxvevaSimisi energia gansxvavebulia minimalurisagan.  
haizenbergis  ganuzRvrelobaTa Tanafardobis da Sredingeris gantolebis 
mixedviTmiRebuli eleqtronis minimaluri energiis mniSvneloba emTxveva boris TeoriaSi   
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arsebuls. amiT aixsneba Tu ratom ar ecema eleqtroni atomguls da swor Sefasebas aZlevs  
eleqtronis minimaluri energiis mniSvnelobas [2]. 
fotonebis monawileoba damuxtuli nawilakebis eleqtromagnitur urTierTqmedebaSi  
gamoixateba imiT, rom garemoSi arsebul siTbur fotonebs, romlebic qmnis garemos  
energetikul fons, STanTqavs an gamoasxivebs atomSi arsebuli eleqtronebi da myardeba  
energetikuli wonasworuli mdgomareoba nivTierebasa da garemos Soris.  
fotonebis STanTqmiT atomi aRigzneba[3], am dros eleqtronis minimaluri energia  
izrdeba da STanTqmuli energiis sididisagan damokidebulebiT eleqtroni SeiZleba mowydes  
atoms. e.i. atomguli izidavs eleqtrons, magram garemos pirobebis gavleniT is Sordeba  an 
uaxlovdeba mas. pirvel SemTxvevaSi eleqtroni STanTqavs energias garemodan (daikvanteba), 
xolo meore SemTxvevaSi gamoasxivebs mas garemoSi (ganikvanteba). 
gamodis, rom manZili birTvsa da eleqtrons Soris damokidebulia rogorc atomgulis 
dadebiTi muxtis da eleqtronis uaryofiTi muxtis kulonur urTierTqmedebaze, aseve 
garemos pirobebze, anu  energetikul fonze, romelSic imyofeba atomi. 
3. daskvna 
amrigad, atomSi myofi eleqtronis mier garemodan energiis STanTqma an garemoSi 
energiis gamosxiveba xdeba imitom, rom misi energia gauTanabrdes garemos energetikuli 
fonis energias.  
es bunebrivi procesia, realobaa, romelic uflebas gvaZlevs vTqvaT, rom 
atomSiTiToeuli eleqtronis minimaluri energia Seesabameba birTvis mier eleqtronis 
mizidvisa da garemos energetikuli fonis energiebis wonasworul mdgomareobas. igi udris 
garemos energetikuli fonis energias,romelSic imyofeba atomSi arsebuli eleqtroni da 
regulirdeba eleqtronis mier garemodan energiis STanTqmiT an garemoSi energiis 
gamosxivebiT. am procesis Sedegad eleqtroni birTvze ver daecema da atomis mdgomareoba 
stabiluri xdeba.  
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THE MINIMUM ENERGY OF AN ELECTRON IN AN ATOM 
Khidesheli Givi 
Ph.D. of Chemical sciences 
Summary 
In the work is discussed the minimum energy of an electron in an atom. There is given an 
explanation: that minimum energy of an electron in an atom, molecule, and substance is equal and 
corresponds to the energy of attraction of the electron by the nucleusand steady-state of energy 
background energies of the environment; it is equal to the energy of environmental background 
energy and is regulated by absorption of energy by the electron from the environment or radiation of 
energy in the environment, so it does not fall into the nucleus, which leads to the stability of atoms.  
 
 
МИНИМАЛЬНАЯ ЭНЕРГИЯ ЭЛЕКТРОНА В АТОМЕ 
Хидешели Г. 
Кандидат химических наук 
Резюме 
Pассмотрена минимальная энергия электрона в атоме. Высказано мнение, что в атоме, 
молекуле, веществе минимальная энергия электрона одинакова и соответствует равновесному 
состоянию энергий притяжения электрона ядром и энергетического фона среды.Она равна 
энергии энергетического фона среды и регулируется поглощением электроном энергии из 
среды или излучением электроном энергии в среду, поэтому он не падает на ядро, что 
обуславливает устойчивость атомов. 
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ganxilulia diskretul dinamikur sistemebSi warmoqmnili fraqtalebi. Seswavlilia 
kvadratuli funqciis Sesabamisi iterirebad funqciaTa sistema. agebulia Julias 
simravleebi da asaxvis Sesabamis mudmivaTa mandelbrotis fraqtali. 
sakvanZo sityvebi: diskretuli fraqtali. Julias simravle. mandelbrotis 
fraqtali. 
1. Sesavali 
fraqtalTa samyaro metad farToa da mravalferovani. fraqtalebs vxvdebiT 
meqanikasa da akustikaSi, qimiasa da biologiaSi. axali ricxviTi meTodebi saSualebas 
iZleva Tavidan aviciloT mosalodneli socialuri katastrofebic. sinergetikis 
specialistebi ukve darwmundnen, rom qimiuri, fizikuri, biologiuri da socialur-
ekonomikuri procesebi ufro zustad aRiwereba fraqtaluri struqturebiT [1-22], vidre 
klasikuri uwyveti da gluvi funqciebiT. fraqtalebi axali mimarTuleba gaxda 
xelovnebaSic, sadac maTi saSualebiT iqmneba saocari silamazisa da mimzidvelobis 
suraTebi. Tumca, Cveni interesebis sferoa is maTematikuri kanonzomierebebi, rac 
dakavSirebulia fraqtalebTan. 
2. diskretuli dinamikuri fraqtalebi 
fraqtalis ZiriTadi maxasiaTebelia TviTmsgavsebis Tviseba, rac gamoixateba mama-
fraqtalisa da genetikuri kodis saSualebiT, romlebic saSualebas iZleva deda-
fraqtalidan Sesabamisi rekursiiT (rekurentuli formuliT) miviRoT dinamikuri 
fraqtali [20].    
ganvixiloT 𝑧𝑧 = 𝑥𝑥 + 𝑖𝑖𝑖𝑖 kompleqsuri cvladi da kompleq − suri ricxvi 𝑐𝑐 = 𝑎𝑎 + 𝑖𝑖𝑖𝑖. maTi 
saSualebiT SevadginoT rekurentuli formula: 
𝑧𝑧𝑛𝑛+1 = 𝑧𝑧𝑛𝑛2 + 𝑐𝑐,                                (1) 
romelic SegviZlia gadavweroT sxva saxiTac, Tu gamovyofT masSi namdvil da 
warmosaxviT nawilebs, marTlac: 
𝑥𝑥𝑛𝑛+1 + 𝑖𝑖𝑖𝑖𝑛𝑛+1 = (𝑥𝑥𝑛𝑛 + 𝑖𝑖𝑖𝑖𝑛𝑛)2 + 𝑎𝑎 + 𝑖𝑖𝑖𝑖,                     (2) 
anu 
𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛2 − 𝑖𝑖𝑛𝑛2 + 𝑎𝑎,                                   (3) 
  𝑖𝑖𝑛𝑛+1 = 2𝑥𝑥𝑛𝑛𝑖𝑖𝑛𝑛 + 𝑖𝑖.                                    (4) 
ganvixiloT konkretuli SemTxveva, roca 
𝑥𝑥0 = 0,   𝑖𝑖0 = 0,   𝑎𝑎 = −0.1194,   𝑖𝑖 = 0.6289.               (5) 
SevadginoT programa da gamovTvaloT (𝑥𝑥𝑖𝑖 ,𝑖𝑖𝑖𝑖) wertilebis mniSvnelobebi 𝑛𝑛 = 1,100������� 
mniSvnelobebisaTvis, romlis grafikic iqneba 1-el naxazze, xolo Sesabamisi sistemis 
fazuri portreti moyvanilia 1.a naxazze.   




X0 0:= Y0 0:= i 0 100..:=









Xi( )2 Yi( )2− ai+
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analogiurad, Tu (a ;b) parametrebis mniSvnelobebia 𝑎𝑎 = −0.1244,   𝑖𝑖 = 0.756, 
gveqneba periodulad cvladi dinamikuri sistema nax. 2, xolo Sesabamis fazur portrets 
eqneba saxe nax. 2a. 
 












nax.2.a. diskretuli samis periodis mqone dinamikuri sistemis perioduli orbita,  
roca 𝒂𝒂 = −𝟎𝟎.𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏,   𝒃𝒃 = 𝟎𝟎.𝟕𝟕𝟕𝟕𝟕𝟕 
Tu (a ;b) parametrebis mniSvnelobebia 𝑎𝑎 = −0.237,   𝑖𝑖 = 0.75, gveqneba qaosuri 
dinamikuri sistema (nax.3), Sesabamisi fazuri portretiT (nax.3a). 
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Tu (a ;b) parametrebis mniSvnelobebia 𝑎𝑎 = 0.25,   𝑖𝑖 = 0.49, maSin gvqneba fraqtaluri 
centrisaken mimavali sistemis dinamika (nax.4), romlis fazur portrets aqvs 
fraqtaluri orbitis saxe (nax.4a). 
 
 
Tu ganvixilavT (a ;b) parametrebis mniSvnelobebs: 𝑎𝑎 = 0.25,   𝑖𝑖 = 0.45, maSin kvlav 
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ganvixiloT (a ;b) parametrebis mniSvnelobebs: 𝑎𝑎 = −0.7,   𝑖𝑖 = 0.08, maSin kvlav 
gvaqvs centrisaken krebadi dinamikuri sistema nax. 6, Sesabamisi nax. 6a, fazuri 
portretiT, romelic gamosaxavs dinamikuri sistemis orbitas. 
ganvixilavT (a ;b) parametrebis mniSvnelobebs: 𝑎𝑎 = 0.37,   𝑖𝑖 = −0.24, maSin kvlav 
gvaqvs centrisaken krebadi dinamikuri sistema (nax.7), Sesabamisi fazuri portretiT 
(nax.7a), romelic gamosaxavs dinamikuri sistemis orbitas. 
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ganvixiloT (a ;b) parametrebis mniSvnelobebi: 𝑎𝑎 = −0.4161,   𝑖𝑖 = 0.5, maSin kvlav 
gvaqvs centrisaken krebadi dinamikuri sistema nax. 8, Sesabamisi nax. 8a, fazuri 
portretiT, romelic gamosaxavs dinamikuri sistemis orbitas. 
ganvixiloT (3), (4) iteraciuli formulebiT mocemuli diskretuli dinamikuri 
sistemis (x,y) orbitebi, romlebic warmoiSoba sistemis sxvadasxva sawyisi (a,b) 
pirobebis SemTxvevaSi.  1a naxazi diskretuli dinamikuri fraqtalia, romelic warmoiSoba 
(5) sawyisi pirobebis SemTxvevaSi da miiswrafis (-0.2381; 0.4242) mizidulobis 
centrisaken. 2a naxazi araa fraqtali, igi perioduli orbitaa, romlis periodicaa sami, 
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Tumca, misi sawyisi pirobebi, didad ar gansxvavdeba wina (nax.1а) fraqtalis sawyisi 
pirobebisagan. 3a naxazi usasrulobisken mimavali iteraciuli orbitaa, romelic 
Seesabameba qaosur sistemas.  
amrigad, Cven ganvixileT sami sxvadasxva tipis orbita: a) fraqtaluri, mizidulobis 
centrisken mimavali orbita (nax.1а; 4a-8a); b) perioduli orbita (nax.2a) da g) qaosuri, 
usasrulobisken mimavali orbita (nax.3a).   
yvelaze met yuradRebas imsaxurebs fraqtaluri orbitebi.  
3. fraqtaluri orbitebi da Julias simravleebi 
ganvixiloT ufro detalurad (1) diskretuli dinamikuri sistema, raTa gaverkveT 
Tu ratom arsebobs sawyis monacemebsa da parametris arCevaze damokidebuli sami 
sxvadasxva tipis orbita. 
am problemis Seswavlis mizniT, ganvixiloT jer (1) dinamikuri sistemis msgavsi, 
namdvili cvladis (6) dinamikuri sistema: 
𝑓𝑓(𝑥𝑥):  𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛2 + 𝑎𝑎,     𝑎𝑎 = 𝑐𝑐𝑐𝑐𝑛𝑛𝑐𝑐𝑐𝑐.                     (6) 
davuSvaT, rom 𝑎𝑎 = 0, maSin (6) sistema miiRebs saxes:  
𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛2,                                (7) 
am sistemis uZravi (wonasworobis) wertilebis sapovnelad unda vigulisxmoT, rom  
𝑥𝑥𝑛𝑛+1 = 𝑥𝑥𝑛𝑛 = 𝑥𝑥0.                              (8) 
maSin (7) iteraciuli formulidan miviRebT: 
𝑥𝑥0 = 𝑥𝑥02 anu 𝑥𝑥0 = 0 ∨  𝑥𝑥0 = 1 ∨ 𝑥𝑥0 = ∞ .                 (9) 
rac imas niSnavs, rom (7) dinamikur sistemas aqvs sami wertili  𝑥𝑥0 = 0,   𝑥𝑥0 =
∞  da  𝑥𝑥0 = 1. 
SeviswavloT maTi mdgradobis sakiTxi. amisaTvis, wonasworobis wertils unda 
mivceT mcire nazrdi 0 < 𝛿𝛿𝑛𝑛 ≪ 1 da (7) sistemidan gamomdinare SeviswavloT nazrdis 
dinamika. Tu is izrdeba, maSin Sesabamisi wertili araa mdgradi, xolo Tu nulisken 
miiswrafis, maSin gvaqvs mdgradoba. ganvixiloT cal-calke wonasworobis wertilebis 
mdgrado-bis sakiTxi.   
a) 𝑥𝑥0 = 0. maSin ganvixilavT am wertilis SeSfoTebas anu 𝑥𝑥𝑛𝑛 = 0 + 𝛿𝛿𝑛𝑛.        (10)  
Tu gaviTvaliswinebT (7) sistemis saxes, gveqneba: 
𝛿𝛿𝑛𝑛+1 = 𝛿𝛿𝑛𝑛2,                               (11) 
rac imas niSnavs, rom 
𝛿𝛿𝑛𝑛+1
𝛿𝛿𝑛𝑛
= 𝛿𝛿𝑛𝑛 ≪ 1,                            (12) 
maSasadame, lim
𝑛𝑛→∞
𝛿𝛿𝑛𝑛 = 0.                               (13) 
e.i. wonasworobis wertili 𝑥𝑥0 = 0 mdgradia. rac imas niSnavs, rom Cven Tu aviRebT 
sistemis sawyis mdebareobad |𝑥𝑥0| < 1 mniSvnelobas, maSin sistemas aqvs fraqtaluri 
mizidvis centri 𝑥𝑥 = 0 da nebismieri aseTi |𝑥𝑥0| < 1 sawyisi pirobis SemTxvevaSi, misi 
orbita miizideba am centris mier. aseve, mizidulobis centria 𝑥𝑥0 = ∞  da misken 
miizidebian iseTi wertilebis orbitebi, romelTaTvisac |𝑥𝑥0| > 1. 
b) 𝑥𝑥0 = 1. maSin ganvixilavT am wertilis SeSfoTebas anu 
𝑥𝑥𝑛𝑛 = 1 + 𝛿𝛿𝑛𝑛.                             (14) 
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Tu gaviTvaliswinebT (7) sistemis saxes, gveqneba : 1 + 𝛿𝛿𝑛𝑛+1 = (1 + 𝛿𝛿𝑛𝑛)2,                           (15) 




= 2 + 𝛿𝛿𝑛𝑛.                                (17) 
da radgan 0 < 𝛿𝛿𝑛𝑛 ≪ 1, miviRebT rom lim
𝑛𝑛→∞
𝛿𝛿𝑛𝑛 = ∞.                                 (18) 
rac imas niSnavs, rom 𝑥𝑥0 = 1 wonasworobis wertili araa mdgradi. maSasadame, Tu 
sistemis sawyisi mdgomareobaa 𝑥𝑥0 = 1 maSin mcire SeSfoTebac ki sakmarisia rom sistemis 
orbita wavides usasrulobaSi, Tumca SeSfoTebis ar arsebobis SemTxvevaSi, sistema 
iZleva periodul process. Tu sawyisi mniSvneloba |𝑥𝑥0| > 1 maSin sistema iZleva 
usasrulobaSi mimaval orbitas. es sami SemTxveva, Seesabameba (nax. 1𝑎𝑎 - 3𝑎𝑎) sam SemTxvevas.  
axla ganvixiloT kompleqsuri cvladebis SemTxveva (1).  
𝑧𝑧𝑛𝑛+1 = 𝑧𝑧𝑛𝑛2 + 𝑐𝑐.                                 (19)  
Tu iteraciis romelime bijze |𝑧𝑧𝑛𝑛| > 1 maSin funqcia mogvcems usasrulobaSi 
mimaval orbitas. arsebobs zRvruli SemTxveva |𝑧𝑧𝑛𝑛| = 1;   𝑐𝑐 = 0.  
magaliTad, Tu 𝑥𝑥0 = cos 1;  𝑖𝑖0 = sin 1, maSin wertilebi lagdebian erTeulovani 
radiusis wrewirze, Tumca, ramdenime bijis Semdeg TandaTan cildeba mas (nax.9, nax.9𝑎𝑎). 
iTvleba rom, wrewirze mdebare wertilebi aramdgradia da isini an mogvcems usasrulo-
baSi mimaval orbitas an miizideba wris romelime Siga wertilis mier.  
𝑓𝑓(𝑧𝑧) funqciis 𝑱𝑱(𝒇𝒇) Julias simravle, ewodeba im 𝐳𝐳 wertilebis simravlis sazRvars 
romelTa orbitac usasrulobisken midis 𝐧𝐧-Tan erTad [3]. 
𝐽𝐽(𝑓𝑓) = 𝜕𝜕 �𝑧𝑧: lim
𝑛𝑛→∞
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 𝐉𝐉(𝐟𝐟) Julias simravle, aris 𝐟𝐟 funqciis yvela mizidulobis wonasworobis 
wertilis (maT Soris ∞-is), mizidulobis velis sazRvari. 
umartivesi zn+1 = zn2 sistemisaTvis Julias simravles aqvs saxe |z| = 1. aq gvaqvs 
qaosi, Tumca, es simravle ar warmoadgens fraqtals, magram rogorc wesi, Julias 
simravle fraqtalia[21]. amitom rogorc wesi, ganixilaven mocemuli c mniSvnelobisaTvis z-is iseT mniSvnelobebs, romelTaTvisac |z| < 2 da Sesabamisi wertilebis simravles 
Julias HSida simravles uwodeben. iTvleba, rom Tu |z| > 2 maSin Sesabamisi orbita midis 
usasrulobisaken. Julias Sida simravlis sazRvars Julias wirs uwodeben. xolo Julias 
wiris damatebiT simravles - fatus simravles [4,22]. 
1𝑎𝑎 naxazze gamosaxuli diskretuli dinamikuri sistemis Sesabamis Julias simravles 
aqvs me-10 naxazze mocemuli saxe. 
 
nax.10. diskretuli dinamikuri sistemis Julias simravle,  
romlis orbitac gamosaxulia nax. 1𝒂𝒂-ze 
 
ganixiloT 𝐳𝐳𝐧𝐧+𝟏𝟏 = 𝐳𝐳𝐧𝐧𝟏𝟏 + 𝐜𝐜 sqemisaTvis Julias Sida simravlis agebis programa 
fsevdokodebSi, sadac 𝐜𝐜 = 𝐚𝐚 + 𝐢𝐢𝐢𝐢: 
monacemebis Setana: 
𝑎𝑎 , 𝑖𝑖  (𝑐𝑐, 𝑑𝑑) (fanjris centri) 
𝑐𝑐 (fanjris zomebi) 
𝑝𝑝 (piqselebis raodenoba fanjris yovel gverdSi) 
Sedegebis gamotana: 
Julias Sida simravlis gamosaxva 
inicializacia: 
grafikuli ekranis fanjris zomebia �𝒄𝒄 −
𝒔𝒔
𝟏𝟏
, 𝒄𝒄 + 𝒔𝒔
𝟏𝟏





bijebi: for m = 1 to p 
𝑥𝑥0 = 𝑐𝑐 − 𝑐𝑐2 + 𝑚𝑚𝑐𝑐𝑝𝑝  
𝑓𝑓𝑐𝑐𝑓𝑓 𝑛𝑛 = 1 𝑐𝑐𝑐𝑐 𝑝𝑝 
𝑖𝑖0 = 𝑑𝑑 − 𝑐𝑐2 + 𝑛𝑛𝑐𝑐𝑝𝑝  
𝑥𝑥 = 𝑥𝑥0 
𝑖𝑖 = 𝑖𝑖0 
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𝑧𝑧 = 0 
𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 = 1 
𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑖𝑖  𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 < 20 
𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 = 𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 + 1 
𝑥𝑥1 = 𝑥𝑥2 − 𝑖𝑖2 + 𝑎𝑎 
𝑖𝑖1 = 2𝑥𝑥𝑖𝑖 + 𝑖𝑖 
𝑥𝑥 = 𝑥𝑥1 
𝑖𝑖 = 𝑖𝑖1 
𝑧𝑧 = 𝑥𝑥2 + 𝑖𝑖2 
𝑖𝑖𝑓𝑓 𝑧𝑧 > 4 ciklidan gamosvla, 𝑖𝑖𝑛𝑛𝑑𝑑 𝑖𝑖𝑓𝑓 
𝑖𝑖𝑛𝑛𝑑𝑑 𝑊𝑊ℎ𝑖𝑖𝑖𝑖𝑖𝑖 
𝑖𝑖𝑓𝑓 𝑧𝑧 < 4 avagoT wertilebi(𝑥𝑥0,𝑖𝑖0), 𝑖𝑖𝑛𝑛𝑑𝑑 𝑖𝑖𝑓𝑓 
𝑖𝑖𝑛𝑛𝑑𝑑 𝑓𝑓𝑐𝑐𝑓𝑓 
𝑖𝑖𝑛𝑛𝑑𝑑 𝑓𝑓𝑐𝑐𝑓𝑓 
ufro xSirad ganixilaven Julias Siga simravlis sazRvars da mas uwodeben Julias 
wirs, romelTa magaliTebic gamosaxulia 11-14 naxazebze. 
 
4. mandelbrotis simravle 
rogorc ukve viciT, 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis Julias simravle SeiZleba iyos 
sxvadasaxva tipis, imis mixedviT Tu rogoria 𝑐𝑐 parametris mniSvneloba. amis miuxedavad, 
am funqciisaTvis arsebobs mxolod ori tipis Julias simravle: a) bmuli simravle;  
b) sruliad arabmuli. bmuli Julias simravleebi erTmaneTisagan SeiZleba Zalian 
gansxvavdebodes vizualuri TvalsazrisiT. erTni SeiZleba warmoadgendes Sekrul wirebs 
fraqtaluri struqturiT, rogorc magaliTad, 0 < |𝑐𝑐| < 0.25 SemTxvevaSi; xolo sruliad 
arabmul Julias simravleebs aqvs kantoris mtveris geometriuli struqtura (nax.15,16). 
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nax.15. Julias simravle,                    nax.16. Julias simravle,  
    roca 𝒄𝒄 = 𝟎𝟎.𝟕𝟕                          roca 𝒄𝒄 = 𝟎𝟎.𝟑𝟑𝟏𝟏 + 𝟎𝟎.𝟎𝟎𝟏𝟏𝒊𝒊 
  
mocemuli 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis Julias simravlis tipis indikators warmoadgens 
misi mandelbrotis simravle romlis yvela Siga 𝑐𝑐 wertils Seesabameba bmuli Julias 
simravle (nax.17). mandelbrotis simravlis yovel 𝑐𝑐 
wertils Seesabameba bmuli Julias simravle, xolo 
mis damatebiT simravles ki – srliad arabmuli 
Julias simravle(kantoris mtveri). 
gansazRvreba: 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis mandelbro-
tis simravle ewodeba iseTi 𝑐𝑐 ∈ ℂ kompleqsuri 
ricxvebis simravles, romlebisTvisac 0 wertilis 
orbitebi SemosazRvrulia. 
nax.17. mandelbrotis simravle 
axla SevadginoT 𝑓𝑓(𝑧𝑧) = 𝑧𝑧2 + 𝑐𝑐 funqciis mandelbrotis simravlis agebis programa 
fsevdokodebSi: 
monacemebis Setana: (𝑖𝑖, 𝑗𝑗) (fanjris centri mag. (0 ; 0)) 
𝑐𝑐 (fanjris zomebi 𝑐𝑐 × 𝑐𝑐) 
𝑝𝑝 (piqselebis raodenoba fanjris yovel gverdSi) 
𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 (iteraciaTa raodenoba) 
Sedegebis gamotana: 
mandelbrotis simravlis gamosaxva 
inicializacia: 
grafikuli ekranis fanjris zomebia �i − s
2
, i + s
2
� × �j − s
2
, j + s
2
� 
bijebi: for m = 1 to p 
𝑎𝑎 = 𝑖𝑖 − 𝑐𝑐2 + 𝑚𝑚𝑐𝑐𝑝𝑝  
𝑓𝑓𝑐𝑐𝑓𝑓 𝑛𝑛 = 1 𝑐𝑐𝑐𝑐 𝑝𝑝 
𝑖𝑖 = 𝑗𝑗 − 𝑐𝑐2 + 𝑛𝑛𝑐𝑐𝑝𝑝  
𝑥𝑥 = 0 
𝑖𝑖 = 0 
𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 = 1 
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𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑖𝑖 𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 ≤ 20 
𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 = 𝑖𝑖𝑐𝑐𝑖𝑖𝑓𝑓 + 1 
𝑥𝑥1 = 𝑥𝑥2 − 𝑖𝑖2 + 𝑎𝑎 
𝑖𝑖1 = 2𝑥𝑥𝑖𝑖 + 𝑖𝑖 
𝑥𝑥 = 𝑥𝑥1 
𝑖𝑖 = 𝑖𝑖1 
𝑧𝑧 = 𝑥𝑥2 + 𝑖𝑖2 
𝑖𝑖𝑓𝑓 𝑧𝑧 > 4, ciklidan gamosvla, 𝑖𝑖𝑛𝑛𝑑𝑑 𝑖𝑖𝑓𝑓 
𝑖𝑖𝑛𝑛𝑑𝑑 𝑤𝑤ℎ𝑖𝑖𝑖𝑖𝑖𝑖 






rogorc vxedavT, iseTi martivi erTbijiani iteraciuli sistemebisaTvisac ki, 
rogoricaa kvadratuli asaxviT warmoqmnili sqema, damaxasiaTebelia geometriulad 
araregularuli reJimebis arseboba. Tumca, cocxali sistemebisaTvis damaxasiaTebeli 
„არჩევანის თავისუფლება“, rasac gamoxataven xolme asaxvis dakavSirebiT SemTxveviT 
procesebTan, ganapirobebs fraqtaluri portretebis mravalferovnebas. 
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DISCRETE DYNAMIC FRACTALS AND SETS OF ZHYULIA 
Obgadze Tamaz 
Georgian Technical University 
Summary  
In work the fractals arising in discrete dynamic systems are considered. The system of 
the iterated functions arising at square displays is studied. Sets of Zhyulia and Mandelbrot's 
great number of the corresponding constants of display are constructed. 
 
 
ДИСКРЕТНЫЕ ДИНАМИЧЕСКИЕ ФРАКТАЛЫ И  
МНОЖЕСТВА ЖЮЛИА 
Обгадзе Т. 
Грузинский Технический Университет 
Резюме 
 
Pассматриваются фракталы возникающие в дискретных динамических системах. 
Изучена система итерированных функций возникающих при квадратичных 
отображениях. Построены множества Жюлиа и фракталь Мандельброта соответ-
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korporaciuli aplikaciebis ageba daprogramebis  
servis-orientirebuli teqnologiebiT NoSQL bazaze 
gia surgulaZe, nino kivilaZe, giorgi kivilaZe 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia korporaciuli marTvis obieqtebis programuli uzrunvelyofis damuSa-
vebis Tanamedrove freimvorkebi kompania maikrosofTis programuli platformebis 
gamoyenebiT: ASP.NET Web Forms, ASP.NET MVC da Silverlight. yuradReba gamaxvilebulia 
daprogramebis teqnologiebis maxasiaTeblebze, Sesabamisi praqtikuli eqsperimentebis 
safuZvelze gamovlenilia maTi dadebiTi da uaryofiTi mxareebi. SemoTavazebulia 
rekomendaciebi, realur amocanebze muSaobisas, ra SemTxvevebSi ajobebs daprogramebis ama 
Tu im teqnologiis arCeva. warmodgenilia veb-aplikaciebis SemuSavebis praqtikuli amocana  
adamianuri resursebis marTvis eleqtronuli sistemis magaliTze da misi realizacia 
Microsoft Visual Studio, MsSQL Server programuli instrumentebiT. ganixileba agreTve 
monacemTa ararelaciuri bazebis gamoyenebis SeasaZleblobis koncefcia am sistemebSi.  
sakvanZo sityvebi: korporaciuli menejmenti. programuli aplikacia. marTvis 
sainformacio sistema. servis-orientirebuli daprogramebis teqnologia. programuli 
inJineria. ararelaciuri bazebi. 
 1. Sesavali 
 
saxelmwifo da kerZo struqturebis organizaciuli marTvis (menejmentis) biznes-
procesebis avtomatizacia Tanamedrove kompiuteruli teqnikisa da informaciuli 
teqnologiebis integraciis safuZvelze metad aqtualuria [1,2]. bolo aTwleulSi 
gansakuTrebiT moimata programuli aplikaciebis Seqmnis da gamoyenebis tendenciam 
internetuli sistemebis bazaze [3]. korporaciuli veb-aplikaciebi edeba  agreTve safuZvlad 
„eleqtronuli mTavrobis“ da „eleqtronuli biznesis“ sistemebs. desktop-aplikaciebisgan 
gansxvavebiT veb-aplikaciebis gamoiyeneba mniSvnelovania Semdegi faqtorebis gamo:  
• momxmarebeli ar saWiroebs specialuri programebis instalirebas. gacilebiT 
iolia misi daintereseba programuli uzrunvelyofiT Tu mas operatiulad eqneba 
SesaZlebloba CaerTos samuSao procesSi. veb-aplikacia ar saWiroebs klientis manqanaze 
Casatarebel winaswar mosamzadebel samuSaoebs, instalacias da konfigurirebas. 
momxmarebeli programul uzrunvelyofasTan samuSaod iyenebs mxolod veb-brauzersa da 
internet-kavSirs;  
• ar saWiroebs ganaxlebebs. programuli uzrunvelyofis ganaxleba xdeba mxolod 
veb-serverze, xolo momxmareblebi ukvavSirdebian ra servers, avtomaturad muSaoben 
ganaxlebul versiSi. es garantias iZleva, rom arc erTi momxmarebeli ar darCeba Zveli 
versiiT da gamoricxavs versiebs Soris sxvaobiT gamowveul Tavsebadobis problemebs; 
• sitemis gamoyenebadobis analitika. procesebis danaxva biznes-xedvis kuTxiT, Tu 
programuli uzrunvelyofis ra modulebs iyeneben xSirad momxmareblebi, did upiratesobas 
iZleva. am statistikaze dakvirvebiT SesaZlebeli gaxda momxmareblisTvis naklebad 
saintereso programuli modulebis gamovlena, romelTa gaumjobesebiT kvlav davubrunebT 
aqtualobas ama Tu im programul komponents;  
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• naklebi xarji. programuli uzrunvelyofis Seqmnis xarji desktop-aplikaciebis 
SemTxvevaSi matulobs, gansakuTrebiT, Tu moTxovnebSi gaTvaliswinebulia danarTis muSaoba 
ramdenime programul platformaze (magaliTad, OS X, PC da Linux). 
mniSvnelovania ganvasxvavoT veb-saitebi da veb-aplikaciebi.  
veb-saiti informaciuli xasiaTisaa da momxmarebels awvdis garkveuli saxis 
informacias. igi SeiZleba SevadaroT sainformacio broSuras, romelic aZlevs momxmarebels  
urTierTqmedebis saSualebas, magram SezRuduli raodenobiT.  
veb-aplikacia interaqtiuli saitia da Seicavs interaqtiul elementebs. amis 
magaliTebia Wikipedia, Facebook, Gmail da sxva. veb-aplikaciebis daniSnuleba aris  
momxmareblebTan urTierTqmedeba interaqtiul reJimSi. veb-aplikacia Sedgeba mdidari 
programuli logikisgan da momxmarebels sTavazobs garkveuli davalebis an amocanebis 
Sesrulebis saSualebas.  
2. ZiriTadi nawili 
naSromis mizania korporaciuli biznesprocesebis samarTavad servisebze orienti-
rebuli veb-aplikaciebis agebis axali teqnologiebis gamokvleva da Sesabamisi programuli 
uzrunvelyofis daproeqtebis, developmentis da testirebis erTiani meTodologiis 
Camoyalibeba [3].  
Teoriuli Sedegebis eqsperimentuli realizacia ganxorcielebulia adamianuri 
resursebis marTvis eleqtronuli sistemis magaliTze. dasmuli miznis misaRwevad 
aucilebelia Semdegi ZiriTadi amocanebis gadawyveta: 
- korporaciuli marTvis biznes-procesebis klasifikacia da maTi sistemuri, diagnos-
tikuri analizi problemebis gamovleniT; 
- biznes-procesebis avtomatizebuli marTvis mxardamWeri sistemis asagebad IT-samsaxuris 
miznebis gansazRvra; 
- msoflioSi arsebuli axali usafrTxo informaciul teqnologiaTa praqtikebis 
mimoxilva, maTi analizi da Sesabamisi koncefciis SemuSaveba korporaciuli menejmentis 
Semdgomi srulyofis mizniT uaxlesi informaciuli meTodologiebis, standartebis da  
teqnologiebis bazaze [4]; 
tradiciuli ASP.NET Web Forms teqnologia dadebiT mxareebTan erTad, ufro 
garTulda. amis mizezebi iyo: ViewState obieqtis wona, didi zomis monacemTa blokebis 
transferi klientsa da servers Soris; gverdis sasicocxlo ciklis sirTule; mcdari 
iluzia gancalkevebuli koncefciebis Sesaxeb; HTML markirebaze SezRuduli kontroli; 
testirebis sistemebis dabali mxardaWera.  
Web Forms teqnologiis kritikis sapasuxod Microsoft-is kompaniam SeimuSava axali 
programuli platformebi. 2007 wlis oqtomberSi oficialurad gamovida ASP.NET MVC 
teqnologia. masSi kombinirebulia Model-View-Controller (MVC) arqiteqturis efeqturoba, 
Agile Development midgomis uaxlesi ideologia da ASP.NET platformis saukeTeso 
nawilebi [3]. MVC teqnologiis upiratesobebia: MVC arqiteqtura, ganvrcobadoba, HTML 
kodze da HTTP protokolze maRali xarisxis kontrolis meqanizmebi, testirebadoba, 
marSrutizaciis mZlavri sistema da ASP.NET platformis saukeTeso nawilebis gamoyeneba. 
MVC teqnologiis SezRudvebad moiazreba mdidari samomxmareblo interfeisis 
kontrolebis nakleboba da interaqtiulobis misaRwevad logikis implementireba TiTqmis 
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Tavidan. garda amisa, sxvadasxva kontrolis mdgomareobis Senaxva-SenarCuneba Web-Forms 
aplikaciebTan SedarebiT rTuli misaRwevia ViewState obieqtis ar arsebobis gamo. 
am problemebis gadawyveta SeuZlia veb-daprogramebis Silverlight teqnologias, romelic 
uzrunvelyofs mdidar samomxmareblo interfeiss  (Rich Interactive Applications - RIA) [5-7]. 
igi interaqtiulo aplikaciebis SemuSavebis saSualebas iZleva, kargad esadageba Tanamedrove 
programuli uzrunveyofebis mimarT wayenebul moTxovnebs, rogoricaa: samomxmareblo 
interfeisis simdidre da xel-
misawvdomobis maRali xarisxi; 
Seicavs Runtime pakets, romelic 
eSveba klientis kompiuterze da 
arqiteqturulad zis momxmare-
belsa da servers Soris. RIA-
aplikaciebi xasiaTdeba ufro 
kompleqsuri da mdidari klienti 
mxaris (Client-Side) kodis 
mxardaWeriT, vidre SesaZlebeli 
iyo tradiciuli veb-aplikaci-
ebisaTvis. amitomac veb-serverze 
datvirTva `msubuqdeba” da 
nawildeba klientis manqanaze.  
1-el naxazze naCvenebia tipuri 
RIA-implementaciis struqtura 
[7,8]. tipuri RIA-aplikacia dana-
wilebulia prezentaciis, biznes-
logikis da monecemTa wvdomis 
sam doneze (nax.2). 
 
       nax.1. RIA-aplikaciis struqtura 









nax.2. RIA aplikaciis ganTavseba ganawilebul serverebze 
 
• prezentaciis done Seicavs samomxmareblo interfeiss (UI) da prezentaciis logikis 
komponentebs;  
• biznes-logikis done Seicavs biznes-logikas, samuSao procesebs da biznes-erTeulebs;  
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3. monacemTa bazis gamoyenebis koncefcia 
bolo wlebis ganmavlobaSi literaturul wyaroebSi gamoCnda da viTardeba axali 
mimarTuleba monacemTa „ararelaciuri“ bazebis Sesaxeb (NoSQL) [9-11]. igi ZiriTadad did 
monacemTa bazebzea (BigDatabase) orientirebuli. aseT sistemebSi relaciuri algebris da 
SQL-enis gamoyenebis efeqtianoba Zalzed klebulobs. 
amitomac, dReisaTvis didi korporaciuli obieqtebis ganawilebuli sainformacio 
sistemebis agebis mizniT aqtualuri da perspeqtiulia ararelaciuri monacemTa bazebis 
(NoRDB) gamoyeneba [12]. maT monacemTa sacavebSi (Data Repository, Data Warehouse) 
moTavsebulia aseulobiT milioni Canaweri, romelTa relaciuri bazebiT damuSaveba 
(relaciuri operaciebis ganxorcielebis droiTi maxasiaTeblebis gauaresebis gamo) 
araefeqturia (nax.3). 
  
nax.3. ararelaciuri da relaciuri monacemTa bazebis struqturebis Sedareba 
 
rogorc wesi, monacemTa sacavebSi NoSQL bazebi optimizirebulia OLAP da ara OLTP 
moTxovnebze. Sesabamisad, Tu cnobilia, rom amocanis miznebidan gamomdinare, ufro xSirad 
grZeli da mZime tranzaqciebis gamoyeneba iqneba saWiro, gadawyvetilebis misaRebad unda 
ganisazRvros, ramdenad efeqturi iqneba tradiciuli relaciuri bazebis nacvlad 
ararelaciuri bazebis gamoyeneba. 
zogierT amocanaSi axali Canawerebis damatebis siswrafe ufro mniSvnelovania, vidre 
maTi garantirebuli Cawera (magaliTad, log–serveri an socialuri qseli). am SemTxvevaSi 
sistemas akonfigurireben fire-and-forget principiT, rac gulisxmobs, rom axal Canawerebs 
ubralod „visvriT“ da ar velodebiT Caweris dadasturebas [11]. 
ararelaciur bazebSi mniSvnelovan sakiTxad iTvleba serverebze monacemTa 
sinqronizaciis procesi (Replication) da didi bazebis danawevrebis (Database partitioning) 
Sharding teqnologia.  
233 
 
Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS -  No 1(21), 2016 
 
replikacia aris procesi, romlis drosac monacemebi sinqronizirdeba erTi, mTavari 
serveridan ramdenime saTadarigo serverze. replikaciis dros mTavar (primary) serverze 
Cawerisa da kiTxvis operaciebis ganxorcieleba SesaZlebelia, saTadarigo serverebidan ki 
mxolod wakiTxvis [10]. replikacias ramdenime ZiriTadi dadebiTi mxare gaaCnia: 
• monacemebis kiTxvis gaumjobeseba – ramdeni asli serveric dakonfigurirdeba, imdeni 
damoukidebeli wyarodan SeiZleba informaciis paralelur reJimSi wakiTxva; 
• Disaster Recovery – problemis an gegmiuri samuSaoebis dros SesaZlebelia romelime 
saTadarigo (standby) serveris ZiriTad (primary) serverad qceva;  
• aRar aris saWiro backup-ebisa da indeqsebis reorganizaciis gamo monacemTa bazis 
gaCereba an Seneleba; 
mTavar serverTan kavSiris dakargvis an gaTiSvis SemTxvevaSi saTadarigo serverebi 
awyobs arCevnebs da irCevs axal primary servers. 
Sharding teqnologia monacemTa bazis danawevrebis (database partitioning) erT-erTi 
saxea. misi meSveobiT didi zomis umarTavi baza iyofa patara, swraf da advilad marTvad 
nawilebad [10]. Sharding–isa da replikaciis dros moTxovnis zrdasTan erTad SesaZlebelia 
asobiT da aTasobiT axali manqanis damateba da TiToeuli axali manqana gaaumjobesebs 
monacemTa bazis samive ZiriTad maxasiaTebels: procesors, operatiul mexsierebas da xist 
diskos.  
xSirad administratorebi monacemTa bazebs saWiroze met operatiulsa da proce-
sorebs uyofen. am dros bottleneck (boTlis Seviwroebuli yeli) problemas vawydebiT 
diskebis simcireSi. serveri did dros kargavs diskidan informaciis amokiTxvaze. es 
problema ganawilebul garemoSi muSaobisas minimumamdea dayvanili: 
• gvWirdeba swrafi kiTxva?  – vamatebT axal replikasets, anu bazis axal asls;  
• gvWirdeba swrafi Cawera/wakiTxva? – Sarding teqnologiiT ufro mcire nawilebad 
vyofT monacemTa bazas, Sesabamisad, ufro meti disko wers da kiTxulobs erTdroulad. 
4. daskvna 
korporaciuli obieqtebis programuli aplikaciebis damuSaveba efeqturia  
maikrosofTis ASP.NET MVC da Silverlight platformebis gamoyenebiT. SemoTavazebulia 
rekomendaciebi, realur amocanebze muSaobisas, ra SemTxvevebSi ajobebs daprogramebis ama 
Tu im teqnologiis arCeva. monacemTa wvdomis da swrafi damuSavebis TvalsazrisiT 
mniSvnelovani Sedegebis miReba SeiZleba korporaciuli sistemebis did monacemTa sacavebSi  
ararelaciuri (NoSQL) bazebis gamoyenebiT.  
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CONSTRUCTION OF CORPORATE APPLICATION WITH SERVICE-ORIENTED  
SOFTWARE TECHNOLOGIES 
Surguladze Gia, Kiviladze Nino, Kiviladze Giorgi 
Georgian Technical University 
Summary  
The work carries out the discussion about Microsoft’s modern web development frameworks 
and applying them in the development of the large scale line of business applications. ASP.NET 
Web Forms, Silverlight and MVC programming frameworks are analyzed and provided comparisons 
between them. The advantages and disadvantages of each framework are carried out and some of 
the recommendations are provided for using these frameworks in real life scenarios. A practical 
implementation project is provided. A human resource management system (HRMS) web 
application is a software solution for small to mid-sized businesses to help automate and manage 
their HR, payroll, management and accounting activities. The application is developed using 
Microsoft Visual Studio, MsSQL Server software tools. We also consider the possibility of using 
NoSQL databases in these systems. 
 
 
ПОСТРОЕНИЕ КОРПОРАТИВНЫХ АППЛИКАЦИЙ С ПРИМЕНЕНИЕМ  
СЕРВИС-ОРИЕНТИРОВАННЫХ ПРОГРАММНЫХ ТЕХНОЛОГИЙ 
Сургуладзе Г., Кивиладзе Н., Кивиладзе Г. 
Грузинский Технический Университет  
Резюме 
Обсуждаются современные фреймворки веб-девелопмента корпорации Microsoft и их 
применение в разработке крупномасштабных бизнес-приложений. ASP.NET Web Forms, 
Silverlight и MVC технологии программирования анализируются и представляются результаты 
их сравнения. Описываются преимущества и недостатки каждого из этих фреймворков и 
предлагаются некоторые рекомендации для их эффективного использования в реальных 
жизненных сценариев. Предлагается практическая задача разработки веб-аппликации для 
управления  человеческими ресурсами на базе пакетов программ MsVisual Studio, MsSQL Server. 
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avtomobilis CaSenebuli sistemebis saimedoobis efeqturobis 
amaRleba qseluri meTodebis gamoyenebiT 
Teimuraz saxelaSvili, ia mosaSvili 
saqarTvelos teqnikuri universiteti  
reziume 
ganxilulia avtomobilis CaSenebuli sistemebis saimedoobisa efeqturobis 
amaRlebis sakiTxebi, mocemulia misi Semadgeneli komponentebi. daxasiaTebulia qseluri 
meTodebis gamoyenebis SesaZleblobebi, romlebic yvelaze metad miesadageba aplikaciis 
saimedoobis gazrdas. kvlevaSi gamoyenebuli iqna sxvadasxva qveynis magaliTebi da Seiqmna 
axali produqti – android aplikacia `avtolaini”. mocemulia gaumarTaobisa da 
saimedoobis TiToeuli etapi da ganmartebebi. Android Studio programaSi java enaze 
agebulia avtomobilis CaSenebuli sistemebis Secdomebis aRmoCenis aplikacia, romelic 
SemdgomSi warmatebiT SeiZleba iqnas gamoyenebuli, rogorc praqtikuli daniSnulebiT, 
ise kvlevebis axal mimarTulebebSi. 
sakvanZo sityvebi: CaSenebuli sistema. OBD. avtomobilis saimedooba. avtomobilis 
CaSenebuli sistema. 
1. CaSenebuli sistemebis IP-qselebis agebis  
sabazo principebi 
cnobilia qselis agebis mravali varianti. qselis platformebi SeiZleba iyos 
realizebuli, rogorc ukabelo teqnologiebis (Bluetooth, ZigBee, mobiluri kavSiri 
3G,4G, Wi-Fi da sxv.) saSualebiT, aseve sakabelo teqnologiebiT (TCP/IP over Ethernet, 
CAN, Modbus, Profinet da sxv.). magram qselis teqnologia, romelmac sruliad Secvala 
komunikaciis Tanamedrove SesaZleblobebi, aris Internet Protocol (IP) [1]. 
bolo xanebSi ufro xSirad IP-qseli formirdeba samrewvelo avtomatikis, sayofa-
cxovrebo da saofise mowyobilobebidan. ar aris rTuli warmovidginoT, rom axlo 
momavalSi macivars, sarecx manqanas, saSrob aparats da tosters eqneba kavSiri 
internetTan. 
monacemTa paketebi gadaadgildeba erTi mimarTulebiT samuSao sadguridan 
personaluri kompiuteris bazaze  CaSenebuli sistemisaken [2]. 
CaSenebuli sistemebis specialistis pirveli amocanaa programuli uzrunvelyofis 
SemuSaveba da testireba, romelic marTavs arxis doneze gamoyenebad qselur dafas. 
CaSenebuli sistemebis specialistTaTvis ZiriTadi problemaa draiveris SemuSaveba 
arxis donisTvis im pirobiT, rom proeqtSi gamoyenebul iqnes komerciulad misawvdomi 
steki TCP/IP. faqtobrivad, moiTxoveba draiveri, romelic Seesabameba arxis donis 
arsebul saaparato saSualebebs. Tu inJiners gaumarTlebs, steki TCP/IP-is momwodebeli 
ukve sTavazobs draivers aseTi saaparato saSualebebisaTvis, winaaRmdeg SemTxvevaSi, 
draiveri unda SemuSavdes da daitestos. es SeiZleba iqces  problemad, romelic 
damokidebulia saaparato saSualebebis sirTuleze da integraciis doneze, romelic unda 
uzrunvelyos TCP/IP stekisaTvis [3]. 
meore problemaa TviTon danarTi. am SemTxvevaSi developers unda SeeZlos 
`soketebis” programireba da unda hqondes sakmarisi codna danarTis testirebisaTvis 
yvela SesaZlo pirobebSi. 
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2. manqanebis interneti avtomobilebis moZraobasa da mdgomareobaze  
monacemTa SegrovebisaTvis 
manqanebis CarTvam qselSi, telematikuri monacemebis SekrebisTvis da analizisTvis, 
SeiZleba xeli Seuwyos bizness, mTavrobas da manqanebis kerZo mesakuTreebs. qvemoT 
dasaxelebulia ZiriTadi ucxouri bazris moTamaSeebi [4]. 
 risTvis aris es saWiro? 
instrumentebi avtomobilis CasarTvelad internetSi, aseve telematikuri 
informaciis SekrebisTvis da analizisTvis (detaluri monacemebi mis moZraobaze da 
mdgomareobaze), SeiZleba gamoiyenoT sxvadasxva amocanaTa gadasawyvetad. warmogidgenT 
ramdenime maTgans: 
 usafrTxoeba 
avtomobilis moZraobaze da mougvareblobaze  mniSvnelovani informaciis 
SekrebisTvis da gadacemisTvis modulebis dayeneba saSualebas gvaZlevs gavxadoT sagzao 
moZraoba gacilebiT usafrTxo. specialuri samsaxurebi ufro swrafad SeZleben miiRon 
monacemebi sagzao-satransporto SemTxvevebis Sesaxeb da gavidnen SemTxvevis adgilze, 
moigon dro daSavebulebis gadasarCenad. sxvadasxva qveynis mTavroba amas kargad xvdeba da 
axdens axal avtomobilebze telematikuri modulebis masobrivi dayenebis proeqtebis 
inicirebas. aseTi programebi aris amerikis SeerTebul StatebSi (proeqti 
„ERA GLONASS“). 
 trafikis optimizacia 
avtomobilebis da SuqniSnebis CarTva erTian qselSi saSualebas aZlevs qalaqis 
xelisuflebas ufro efeqturad marTos sagzao trafiki. ukve xorcieldeba sapilote 
proeqtebi sagzao moZraobis marTvis aseTi inteleqtualuri sistemebis dasanergad - 2013 
wels holandiaSi eindhovenis xelisuflebam gamoiyena amisTvis IBM teqnologia [2]. 
telematikuri servisebi  SeiZleba gamoviyenoT sazogadoebrivi transportis 
muSaobis organizebisaTvis, magaliTad avtobusebis moZraobis wesebis darRvevis 
kontrolisaTvis da maTi moZraobis marSrutebis optimizaciisaTvis. 
 sargebeli avtomobilTa kerZo mesakuTreebisaTvis 
axali teqnologiebis danergva SeiZleba daexmaros manqanebis mesakuTreebs moaxdinos 
ekonomia. magaliTad, tarebis stilze da mgzavrobis xangrZlivobis informaciis 
SegrovebiT, sadazRveo kompaniebs SeuZlia SesTavazon klientebs dazRvevis individualuri 
tarifebi - mZRolebs, romlebic naklebs mgzavroben, sadazRvevo polisi SexvdebaT 
gacilebiT iafad [5]. 
manqanaSi dayenebuli telematikuri monacemebis Segrovebis moduli aseve 
gaafrTxilebs mZRols manqanis mougvareblobaze seriozul incidentamde. aseve manqanis 
mflobelebma SeiZleba miiRon informacia tarebis stilis Sesaxeb da rekomendaciebi misi 
Secvlis Sesaxeb, magaliTad sawvavis xarjvis klebisaTvis. es yvelaferi gvaZlevs 
saSualebas mniSvnelovnad SevamciroT manqanis flobis Rirebuleba. 
ganvixiloT ramdenime magaliTi. 
mowyobiloba Automatic uerTdeba avtomobilis diagnostikur gasarTs da 














sur.1. avtomobilis monacemebis Segrovebis adgilebi. 
 
momxmarebeli specialur danarTSi xedavs monacebs, sad aris parkirebuli 
avtomobili, Secdomebis Sesaxeb, Setyobinebebis gaSifvras, mgzavrobebis istorias, 
sawvavis xarjebs da a.S.  
mowyobiloba CarLock, rogorc bevri sxva instrumenti, telematikuri monacemebis 
SegrovebisaTvis uerTdeba avtomobilis OBD – gasarTs (sur2).  
sur.2. avtomobilis diagnostikuri programa 
 
manqana uerTdeba specialur servers, rac saSualebas aZlevs manqanis mflobels 
miiRos smartfonze Setyobineba saeWvo aqtiurobaze, romelic hgavs gatexvas an qurdobas. 
amis garda, mowyobilobas SeuZlia gaanalizos tarebis stili.  
es informacia SeiZleba iyos sasargeblo, magaliTad, mSoblebisaTvis, romelTa 
Svilebma axlaxans daiwyes tareba, - specialur danarTSi maT SeuZliaT ixilon monacemebi 
xisti damuxruWebis an mkveTri mobrunebis Sesaxeb. 
instrumenti, romelic gvaZlevs saSualebas miviRoT informacia avtomobilis 
teqnikur mdgomareobaze, rom argumentirebulad vekamaToT meqanikosebis rekomendaciebs 
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developerebi adareben proeqts FitBit: fitnes-
trekeri acnobebs adamians janmrTelobis SesaZlo 
problemebze, Drivebot mogviTxrobs avtomobilis 
realur xarvezebze. 
britanuli proeqti, romelic saSualebas 
aZlevs avtomobilis mesakuTreebs, romlebmac 
daayenes moduli telematikuri informaciis 















mowyobiloba agrovebs informacias tarebis stilze da mgzavrobis xangrZlivobaze, 
romlis safuZvelze, sadazRvevo kompanias SeuZlia SesTavazos mZRols individualuri 
tarifi polisis anazRaurebisaTvis. 
veb-servisi, romelic aZlevs saSualebas kompanias gaakontrolos korporaciuli 










sur..5. Geotab instrumenti 
 
sur.4. Drivebot  instrumenti 
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biznesis xelmZrvanelebs da mflobelebs SeuZliaT gaarkvion ramdenad usafrTxod 
atarebs manqanas mZRoli, ramdeni sawvavi ixarjeba, icaven Tu ara mZRolebi sagzao wesebs 
da ra marSrutebiT gadaadgildebian. 
amerikuli proeqtis Vinli teqnologia gvaZlevs saSualebas  vaqcioT avtomobili 







sur. 6. Vin.li instrumenti 
specialur mowyobilobaSi CaSenebulia 4G LTE moduli, romlis saSualebiT 
SeiZleba mivawodoT interneti mgzavrebs. 
aris specialuri maRazia Vinli  programebisaTvis - maTi daxmarebiT mZRols SeuZlia 
miiRos smartfonze informacia avtomobilis mdgomareobaze da misi moZraobis 
marSrutebze.  
proeqti, romelic Seiqmna warmodgenili naSromis farglebSi, momxmarebels aZlevs 
saSualebas, gaakontrolos avtomobilis saerTo teqnikuri mdgomareoba, avtomobilis 
fizikuri mdebareoba, moZraobis siCqare da sxva (sur.7). 
qarTuli produqti 
   
sur.7. instrumenti “avtolaini” 
igi avtomobils uerTdeba OBD gasarTze da bluTuzis meSveobiT monacemebi 
igzavneba mobilur telefonze specialuri aplikaciis meSveobiT. programa Seqmnilia 
Android Studio-Si java programirebiT. 
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3. daskvna 
internetze SeerTebuli avtomobilebis ricxvi uaxloes wlebSi kardinalurad 
gaizrdeba. BI Intelligence analitikosebis SefasebiT 2020 wlisaTvis  msoflioSi axali 
manqanebis 75% iqneba aRWurvili  qselSi CasarTveli mowyobilobebiT. es imas niSnavs, 
rom es yovelive dResdReobiT ganviTarebadi teqnologiebia, romlebic saSualebas aZlevs 
manqanebis mflobelebs „esaubron" maT, aqvs yvela Sansi miiRos am bazris seriozuli 
wili.  
literatura: 
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TO IMPROVE THE EFFECTIVE RELIABILITY OF AUTOMOBILES  
EMBEDDED SYSTEMS USING BY THE METHODS OF NETWORK 
Sakhelashvili Teimuraz, Mosashvili Ia 
Georgian Technical University. 
Summary  
The dissertation examines the efficiency and reliability of the embedded systems in cars and its 
components. It characterizes the use of network methods that are the most suitable to increase the  
reliability of the application. In our study there are given examples of different countries and a new 
product - Android application “Autoline” was created. The dissertation shows each step and definition 
of defects and reliability of cars. The application of the embedded error detection system of the car 
was created in Android Studio program in the Java programming language and it can be successfully 
used for practical purposes as well as in new areas of studies. 
. 
ПОВЫШЕНИЕ ЭФФЕКТИВНОСТИ И НАДЕЖНОСТИ ВСТРОЕННЫХ СИСТЕМ 
АВТОМОБИЛЕЙ С ПОМОЩЬЮ СЕТЕВЫХ МЕТОДОВ 
Сахелашвили Т., Мосашвили И. 
Грузинский технический университет  
Резюме 
Рассматривается вопрсы повышения эффективности и надежности встроенной системы 
автомобиля и её составные компоненты. Охарактеризовано использование сетевых методов, 
которые наиболее эффективны для повышения надежности аппликации. В нашем исследовании 
были использованы примеры различных стран, и был создан новый продукт – Андроид 
аппликация «Автолайн». Приведен каждый этап и определения неполадок и надежности. В 
программе Android Studio на языке программирования Java была написана аппликация для 
определения ошибок встроенной системы автомобиля, которая впоследствии может быть 
успешно использована как для практических целей, так и в новых направлениях исследований.  
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CaSenebuli sistemebis saimedoobis gazrdis 
 axali meTodebis kvlevis Sedegebi   
giorgi CaCua, ia mosaSvili 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia CaSenebuli sistemebis arqiteqtura da misi Semadgeneli komponentebi. 
daxasiaTebulia verifikaciisa da testirebis is meTodebi, romlebic yvelaze metad 
miesadageba maTi marTvis saimedoobis gazrdas da axali teqnologiebis SemuSavebas. 
gamoyenebulia axali meTodi - „damuSaveba testirebis Semdeg” (Test Driven Development).  
mocemulia misi ganxorcielebis TiToeuli etapi. warmodgenilia Spartan FPGA 
programirebad dafaze Sesrulebuli kvlevis Sedegebi. dabali donis programirebis 
VHDL-enaze Sedgenilia CaSenebuli sistemebis testirebis axali biblioTekebi. 
sakvanZo sityvebi: avtomobili. CaSenebuli sistema. testireba. Test Driven Development. 
avtomobilis saimedooba.  
1. Sesavali - CaSenebuli sistemebis arqiteqtura 
CaSenebuli sistema (Cs), rogorc wesi. gansazRvrulia konkretuli amocanebis 
Sesasruleblad, konkretul gamoTvliT garemoSi, romelic Sedgeba programuli da 
aparaturuli komponentebisagan. 1-el naxazze gamosaxulia aseTi sistemis tipuri 
Semadgenloba, mocemulia 4 fenis terminologia, romelTagan sami aris programuli 
uzrunvelyofa, xolo meoTxe - aparaturuli [1]. 
 
nax.1. CaSenebuli sistemis struqtura 
2. CaSenebuli sistemis verifikacia 
verifikacia procesia, romelic aCvenebs, rom programa Seesabameba Tavis 
maxasiaTeblebs. Tu maxasiaTeblebi an prognozirebadi testebi sakmarisad zusti da 
informaciulia. Semowmeba (verifikacia) SeiZleba iyos ufro obieqturi, vidre validacia- 
romelic gamoiyeneba mxolod momxmareblis moTxovnebis Sesamowmeblad. 
naSromSi ganxilulia verifikaciisa da testirebis is meTodebi, romlebic yvelaze 
metad miesadageba CaSenebuli sistemebis saimedo teqnologiebis SemuSavebas [2]. 
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3. CaSenebuli sistemebis testireba 
testireba procesis ganxorcielebaa, romliTac vrwmundebiT, rom is akmayofilebs 
arsebul moTxovnebs, raTa ganvsazRvroT gansxvaveba mosalodnel da faqtobriv Sedegebs 
Soris. Semavali monacemebi unda iyos mowodebuli obieqturi programisaTvis da 
programis reaqcia unda iyos dakvirvebadi. formaluri Semowmebisagan gansxvavebiT, 
romelic mimarTulia imisken, rom daamtkicos winaswar gansazRvruli maxasiaTeblebis 
Sesabamisoba. testirebis mizania iseTi SemTxvevis moZebna, rodesac reaqcia ar Seesabameba 
mosalodnel Sedegs da Cven aseT meTods vuwodebT prognozirebad testebs. 
CaSenebuli sistemis kvlevis didi nawili mimarTuli iyo droebiTi wyvetebisken, 
romlebic warmoiSoba maSin, roca sistemebs aqvs xisti moTxovnebi realur droSi. 
droiTi gaumarTavoba mniSvnelovania, magram praqtikaSi misi didi procenti CaSenebul 
sistemebSi modis funqcionalur qcevasTan, maT Soris algoriTmul logikur da 
konfiguraciul Secdomebze da kritikul seqciebSi resursebis aramiznobriv gamoyenebaze.  
iseTi midgomebis povna, romlis meSveobiTac ukeTesad SeiZleba momzaddes sistemis 
komponentebs Soris mimdinare urTierTzegavlenis gamocda da TviT am procesis 
avtomatizacia -  prioritetulia. 
amrigad, CaSenebuli sistemebis testirebisa da marTvis saimedoobis gazrdisaTvis 
Cvens kvlevaSi SerCeuli meTodia „damuSaveba testirebis Semdeg (Test Driven Development – 
TDD) [3]. 
4. damuSaveba testirebis Semdeg  
dResaTvis CaSenebuli sistemebis verifikaciis yvelaze efeqturi meTodi aris  
„damuSaveba testirebis Semdeg” (TDD), romelic programuli uzrunvelyofis damuSavebis 
teqnologiaa. igi efuZneba damuSavebis xanmokle ciklebis gameorebas. Tavidan iwereba 
testi, romelic moicavs sasurvel cvlilebebs, xolo Semdeg iwereba kodi, romelic 
saSualebas iZleva moxdes am testis gavla.  
bolos xdeba axali kodis Sesabamisi standartebis mixedviT refaqtoringi. kent 
berki, romelic iTvleba am teqnikis gamomgoneblad, 2003 wels amtkicebda, rom 
„damuSaveba testirebis Semdeg” amartivebs CaSenebuli sistemebis dizains da matebs mas 
saimedoobas [4]. 
1999 wels TDD-s gamoCena mWidrod iyo dakavSirebuli koncefciasTan – pirvelad 
testi (First Test), romelic gamoiyeneboda eqstremalur programirebaSi, Tumca SemdgomSi 
gamoiyo rogorc calke meTodologia. 
testi aris procedura, romelic adasturebs an uaryofs kodis vargisianobas, roca 
programisti amowmebs mis mier SemoSavebuli kodis vargisianobas, is testirebas akeTebs 
xeliT [5].  
TDD moiTxovs developerisagan avtomatur modulur testirebis Seqmnas, romlebic 
gansazRvravs moTxovnebs kodis mimarT, sakuTriv am kodis daweramde. testi Seicavs im 
pirobebis Semowmebas, romelic SeiZleba Sesruldes an ara. roca isini sruldeba – 
amboben, rom testi gavlilia. testis gavla adasturebs qmedebas, romelic programistis 
mier iyo gansazRvruli. developerebi xSirad iyeneben testirebebis biblioTekebs (Testing 
Frameworks), testebis Seqmnisa da gaSvebis avtomatizaciisaTvis. praqtikaSi moduluri  
testebi faravs kodis kritikul da aratrivialur ubnebs, es SeiZleba iyos kodi, 
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romelic ganicdis xSir cvlilebebs, kodi romlis muSaobazec damokidebulia didi 
raodenobiT kodebis gamarTuli muSaoba da sxva. 
damuSavebis garemo swrafad unda reagirebdes kodis mcire modifikaciaze. programis 
arqiteqtura unda efuZnebodes erTmaneTis mimarT jaWvurad sustad dakavSirebul 
komponentebs, ris gamoc kodis testireba mniSvnelovnad martivdeba. 
TDD ara marto kodis koreqtulobas amowmebs, aramed zegavlenas axdens programis 
dizainze. testebze dayrdnobiT developerebi swrafad warmoidgenen, Tu ra funqcionali 
aris aucilebeli momxmareblisaTvis. amrigad, interfeisis detalebi warmoiqmneba dizainis 
saboloo fazamde gacilebiT adre. 
 
 
nax.2. TDD-s ciklis grafikuli warmodgena blok-sqemebis saxiT 
 
5. testis damateba 
TDD procesSi yvela axali funqcionalis damateba programaSi iwyeba testis 
daweriT. TavisTavad programa am tests ver gaivlis pirvel etapze, radganac Sesabamisi 
kodi jer ar aris dawerili (Tu gaivlis tests, es imas niSnavs, rom es funqcionali 
ukve gaaCnia am programas an tests aqvs naklovanebebi). imisaTvis, rom daiweros testi, 
developers mkafiod unda esmodes axali funqcionalis mimarT wayenebuli pirobebi. 
amisTvis ganixileba gamoyenebis gansxvavebuli scenarebi da samomxmareblo istoriebi. 
axali moTxovnebi SeiZleba agreTve gulisxmobdes arsebuli testebis modifikacias. es 
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ganasxvavebs TDD-s iseTi teqnikisagan, roca testebi iwereba mas Semdeg, rac kodi ukve 
dawerilia, is aiZulebs developers fokusireba moaxdinos moTxovnebze kodis daweramde. 
kodis dawera – am etapze iwereba axali kodi ise, rom man gaiaros testi. es kodi 
ar aris aucilebeli iyos idealuri. dasaSvebia, rom man gaiaros testi ararelevanturi 
meTodiT. es misaRebia, radganac damuSavebis Semdeg etapebze is ufro gaumjobesdeba da 
daixveweba. mniSvnelovania daiweros kodi, romelic gansazRvrulia mxolod testis 
gasavlelad, ar aris saWiro zedmeti da Sesabamisad aratestirebadi funqcionalebi. 
testebis gaSveba – darwmuneba, rom programa testebs gadis. Tu programa yvela 
tests gaivlis, programisti darwmunebuli unda iyos, rom kodi akmayofilebs testirebis 
yvela moTxovnas, amis Semdeg SeiZleba ciklis daskvniT etapze gadasvla. 
refaqtoringi – roca miRweulia moTxovnili funqcionali. am etapze kodi SeiZleba 
iyos gawmendili. refaqtoringi aris programis Siga struqturis Secvlis procesi, 
romelic ar exeba mis gare qcevas da misi mizania kodis muSaobis Semsubuqeba, kodis 
dublirebis aRmofxvra, samomavlod cvlilebis Setanis gaadvileba da a.S. [6]. 
ciklis gameoreba – aRwerili cikli meordeba da axdens axal-axali funqcionalis 
realizebas, nabijebi unda iyos mcire Sualedebis, Tu axali kodi ver akmayofilebs axal 
testebs an Zveli testebi aRar funqcionriebs, programistma unda moaxdinos misi 
aRmofxvra da cvlilebebi Seitanos testis biblioTekebSi, romelsac Semdeg gamoiyenebs 
axali funqcionalis damatebisas. 
 
6. damuSavebis stili 
TDD xSirad dakavSirebulia dizainis etapis gamartivebis procesTan. iTvleba, rom 
amas aqvs ori upiratesoba: is exmareba developers darwmundes imaSi, rom funqcionali 
gamosadegia testirebisaTvis, radganac developerma Tavidan unda gansazRvros, Tu rogor 
unda moxdes misi testireba. es agreTve uzrunvelyofs imas, rom testebiT dafaruli 
iqneba kodis yvela funqcionali. 
TDD-s pirobebSi praqtikulma damuSavebam developerebi miiyvana axali teqnikis 
gamoyenebasTan, romelsac ewodeba damuSaveba misaRebi testirebis Semdeg (Acceptance TDD- 
ATDD), romelSic SemkveTis kriteriumis aRwera avtomatizirdeba testebSi da maT 
iyeneben Semdeg damuSavebis Cveulebriv procesSi moduluri testirebisas. es procesi 
iZleva imis garantias, rom aplikacia akmayofilebdes formirebul moTxovnebs. ATDD 
gamoyenebisas developerebis jgufi fokusirebulia konkretul amocanaze – 
daakmayofilos misaRebi testi, romelic asaxavs momxmareblis Sesabamis moTxovnebs [7]. 
 
7. kodebis nimuSebi VHDL enaze 
naSromis kvlevebis farglebSi mimdinareobda testirebis axali meTodis gamocda 
sxvadasxva modifikaciis programirebad FPGA-dafebze -  DigilenT Spartan 5 FPGA board, Zed 
board Zynq 7000 FPGA board, N mio rio board (nax.3).  
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nax.3. FPGA dafa. 
Seiqmna axali biblioTekebi, CaSenebuli sistemebis dabali donis programirebadi 
enis VHDL-is gamoyenebiT. moxda maTi testirebis Sesabamisi failis Seqmna, SemdgomSi misi 
simulaciur programaze testireba da sabolood programirebad dafaze implementacia.  
 
8. daskvna 
TDD gamoyeneba CaSenebuli programuli uzrunvelyofis sferoSi. igi dammuSaveblebs 
saSualebas aZlevs Seqmnan kargad testirebuli sistemebi. naSromSi warmodgenili 
meTodologia ar aris damokidebuli instrumenebsa da platformaze, romliTac TDD - 
meTods saSualebas aZlevs moaxdinos damuSavebis da testirebis realizacia, romliTac 
ixveweba programuli uzrunvelyofis damuSaveba, izrdeba xarisxi, rasac saboloo jamSi 
mivyavarT, saerTo danaxarjebis SemcirebasTan, mowyobliobebis eqspluataciis periodSi 
maTi defeqtebis Semcirebisa da funqcionalobis mudmivi daxvewis Sesaleblobebis gamo. 
dasawyisSi TDD-s gamoyeneba, dayeneba da instrumentuli saSualebebis SesabamisobaSi 
moyvana moiTxovs garkveul droiT danaxarjebs. Tumca misi gamoyenebiT miRebuli 
sargebeli, ramdenjerme aRemateba am danakargebs. mosalodnelia, rom sruli 
avtomatizacia testebisa, arasodes ar iqneba miRweuli, Tumca warmodgenili meTodebis 
gamoyeneba iZleva „moqnil“ midgomas, romelic uzrunvelyofs testirebis procesis 
misaReb Sedegs. 
kvlevis farglebSi Seqmnili biblioTekebi SemdgomSi warmatebiT SeiZleba iqnas 
gamoyenebuli, rogorc kvlevebis gagrZelebis axal mimarTulebebSi, ise praqtikuli 
daniSnulebiTac, kerZod misi meSveobiT SesaZlebelia Seiqmnes iseTi aparaturuli 
uzrunvelyofa, romelic pirvel etapze moaxdens samomxmareblo bazarze arsebuli 
wvrili da msxvili sayofacxovrebo teqnikaSi funqcionirebadi marTvis CaSenebuli 
sistemis swraf da efeqtur diagnostirebas da problemis aRmofxvras. 
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RESEARCH RESULTS OF NEW METHODS TO IMPROVE  
THE RELIABILITY OF EMBEDDED SYSTEMS 
Chachua Giorgi, Mosashvili Ia 
Georgian Technical University. 
Summary 
This article discusses the architecture and components of embedded systems (ES). 
Characterized by the methods of inspection and testing of the Armed Forces, which are the most 
suitable for their management in order to improve the reliability and the development of new 
technologies. For that in our study we used a new method - Test Driven Development - TDD. The 
paper presents each stage of the implementation of TDD. Given the results of studies on 
programmable FPGA Spartan board and  on VHDL programming language was created new libraries, 
which can then be successfully used as a practical purposes, as well as in research in new directions. 
 
НАУЧНЫЕ РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЯ НОВЫХ МЕТОДОВ ДЛЯ  
ПОВЫШЕНИЯ НАДЕЖНОСТИ ВСТРОЕННЫХ СИСТЕМ   
Чачуа Г., Мосашвили И. 
Грузинский Tехнический Университет  
Резюме 
Pассматриваются архитектура и компоненты встроенных систем (ВС). характеризуется 
методы проверки и тестирования ВС, которые являются наиболее подходящими для их 
управления с целью повышения надежности и развития новых технологий. для этого в нашем 
исследовании использовалась новая методика - Разработка через тестирование - TDD. В Работе 
приведено каждый этап реализации TDD. Даны итоги исследований на программируемом  
плате FPGA Spartan и на языке программирования VHDL создано новые библиотеки, которые 
впоследствии могут быть успешно использованы в качестве практических целей, а также  в 
исследовании в новых направлениях. 
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safinanso organizaciis biznesprocesebis da IT-samsaxuris 
informaciuli usafrTxoebis riskebis Sefaseba  
gia surgulaZe, korneli odiSaria, ciuri fxakaZe, 
aleqsandre kekenaZe, giorgi CerqeziSvili 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia safinanso bankis sakredito riskebis Sefasebis modelebi: VaR, skoringis 
algoriTmi, altmanisa da fulmeris modelebi, romlebic gamoiyeneba bankis auditis mier 
dasakreditebeli organizaciis gadaxdisunarianobis prognozirebisaTvis. ganisazRvreba 
it-samsaxuris roli Sesabamisi biznesprocesebis riskebis Sesafaseblad. konkretuli 
marTvis obieqtisTvis, magaliTad, saqarTvelos teqnikuri unuversitetis magaliTze, 
fulmeris modelis gamoyenebiT gaangariSebulia sakredito riskebis Sesabamisi 
mniSvnelobebi.  
sakvanZo sityvebi: sakredito riskebi. Sefasebis modelebi. altmanis modeli. fulmeris 
modeli. riskebis menejmenti. procesebis modelireba. UML. 
1. Sesavali
riskebis Sefaseba (Risk Assessment) aris riskebis marTvis sawyisi biji. analizirdeba 
aqtivebis faseulobebi biznesisTvis, identificirdeba safrTxeebi am aqtivebTan mimarTebiT 
da fasdeba aqtivebis daucveloba am safrTxeebisgan [1,2]. 
riskebis Sesafaseblad da maT samarTavad gamoiyeneba standartuli meTodologia MoR 
(Management of Risks), romelic Sedgeba Semdegi sakiTxebisgan: 
• MoR principebi – bazirebulia organizaciis marTvis principebze da aucilebelia
riskebis efeqturi marTvisaTvis; 
• MoR midgoma – organizaciis midgoma zemoaRniSnul principebisadmi unda aisaxos rig
dokumentebSi, kerZod, riskebis marTvis politikaSi;
• MoR procesebi. gamoyofen oTx process MoR-is farglebSi:
 gansazRvreba – safrTxeTa definicia qmedebisTvis, romlebsac SeuZlia gavlena
iqonios gamiznuli Sedegis miRwevaze;
 Sefaseba – yvela gansazRvruli safrTxis jamuri gavlenis Sefaseba;
 dagegmva – mmarTveli qmedebebis gansazRvra, romlebic amcirebs riskebs;
 realizacia – dagegmili mmarTveli qmedebebis ganxorcieleba, maTi kontroli,
efeqturobis gansazRvra da koreqtireba aucileblobis SemTxvevaSi.
• MoR-is gadasinjva da danergva  – MoR-is procesebis, politikis da midgomis danergva
ise, rom isini uwyvetad kontroldebodes da rCebodes efeqturi; 
• urTierTmoqmedeba – yvela qmedebis urTierTmoqmedebis uzrunvelyofa MoR-is
farglebSi informaciis aqtualurobis mxardasaWerad safrTxeebis, SesaZleblobebis da 
riskebis marTvis sxva aspeqtebis Sesaxeb.
qmedebebi ITSCM-is farglebSi (IT Service Continuity Management) unda iyos mimarTuli
riskebis gavlenisa da maTi warmoqmnis albaTobis Semcirebaze [1]. ITSCM uzrunvelyofs
SesaZleblobas, rom servisebis mimwodebels mudmivad mieces servisebis minimalurad 
SeTanxmebuli done,  riskebis Semcirebis gziT misaReb donemde, agreTve  servisebis aRdgenis 
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dagegmvis SesaZlebloba [3]. servisebis uwyvetobis marTvis ZiriTadi mizania biznesis 
uwyvetobis marTvis procesis mxardaWera.
biznesze gavlenis analizis Sedegebi da riskebis Sefaseba aris servisebis uwyvetobis 
strategiis safuZveli biznesis moTxovnilebebis Sesabamisad. umetesi organizacia unda 
icavdes balanss riskebis Semcirebasa da aRdgenis meqanizmebis formirebas Soris.  
ragind kargad ar tardebodes qmedebebi riskebis Sesamcireblad, SeuZlebelia maTi 
mTlianad aRmofxvra. amitomac yovelTvis aucilebelia aRdgenis meqanizmebis danergva 
integraciaSi wvdomis marTvis procesTan, radganac swored servisebis wvdoma dazaraldeba, 
pirvel rigSi, biznesisTvis arasasiamovno movlenebis aRmocenebis SemTxvevaSi. 
tipuri RonisZiebebi IT-riskebis Sesamcireblad Semdegia:
• UPS-is da sarezervo kvebis instalacia kompiuterisTvis;
• sistemebis mtyunebamdgradobis uzrunvelyofa kritikuli aplikaciebiT, romlebis-
Tvisac miuRebelia nebismieri mocdena (magaliTad, sabanko sistemaSi); 
• RAID-is da sarkiseburi diskoebis gamoyeneba serverebisTvis, informaciis dakargvis
Tavidan asacileblad da muSaobis uwyvetobis uzrunvelsayofad; 
• saTadarigo komponentebis/mowyobilobaTa arseboba, romlebic gamoyenebul iqneba
ZiriTadis mtyunebis SemTxvevaSi. magaliTad, saTadarigo serveri minimaluri aucilebeli 
konfiguraciiT, romelic amuSavdeba ZiriTadis gamorTvisas;  
• SPOF-ebis gamoricxva, magaliTad, qselSi wvdomis erTiani wertili an eleqtrokvebis
erTiani wertili;. 
• saimedo IT-sistemebis da qselebis gamoyeneba;
• servisebis auTsorsingi ramdenime mimwodeblisTvis;
• usafrTxoebaze kontrolis gazrda;
• servisebis muSaobisas darRvevebis aRmoCenis kontrolis gazrda;
• aRdgenis da sarezervo dublirebis yovlismomcveli strategia, romelic moicavs gare
Senaxvasac. gare Senaxva gulisxmobs kritikuli informaciis regularul dublirebas 
(yoveldRiuri) gare sacavSi.  
zemoCamoTvlili zomebi ver wyvets ITSCM-is yvela sakiTxs, magram maTi gamoyeneba
saSualebas iZleva mniSvnelovnad Semcirdes danakarebis riski biznesisTvis gauTvalis-
winebel mdgomareobaTa aRmocenebis SemTxvevaSi. 
2. ZiriTadi nawili
safinanso banki rTuli organizaciuli sistemaa Tavisi misiiT, miznebiTa da amocanebiT. 
yvelaze mniSvnelovani da ZiriTadi sakiTxi, romelic sabanko menejments aqvs, aris 
sakredito riskebis portfelis marTva. amgvarad, sakredito riskebis modelireba da 
Sefaseba sabanko auditebis da IT-samsaxuris umniSvnelovanesi funqciaa. statiaSi
ganvixilavT sakredito riskebis Sefasebis modelebs, romlebic farTod gamoiyeneba am 
sferoSi. cnobilia riskebis Sefaseba VaR koncefciiT (Value at Risk) [4.5], sakredito
skoringis algoriTmi [6,7], altmanis da fulmeris modelebi [8,9] da a.S.   
altmanis modeli: mravali warmatebuli kvleva am sferoSi iqna Catarebuli bijur-
diskriminacieli analizis safuZvelze [8]. magaliTad, altmanis modeli iqna agebuli am 
meTodiT amorCeviT 66 kompaniisTvis - 33 warmatebuli da 33 bankrotuli. modelis pirveli 
versia  Seicavda 22 savaraudo mniSvnelovan koeficients, romlebic miiReboda finansuri 
angariSgebis dokumentaciidan. minimaluri statistikuri mniSvnelobis mqone koeficienti 
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amovardeboda, ris Semdegac modelis ageba da koeficientebis statistikuri mniSvnelobebis 
analizi meordeboda. rodesac koeficientebis raodenoba 5-dan mcirdeboda 4-mde, maSin 
modelis statistikuri saimedooba mkveTrad mcirdeboda, ramac altmani miiyvana daskvnamde, 
rom 5-koeficientiani varianti aris umjobesi. modeli zustad akeTebs prognozs 95% 
SemTxvevaSi. altmanis modelis zogadi saxe aseTia [8]: 
Z = 1.2A + 1.4B + 3.3C + 0.6D + .999E, sadac
A aris sabrunavi kapitali / mTliani aqtivebi;   B–gaunawilebeli mogebebi gasuli wle-
bis/mTliani aqtivebi;  C–mogeba procentebis da gadasaxadebis gadaxdamde/mTliani aqtivebi;
D–aqciebis sabazro kapitalizacia/savalo valdebulebaTa sruli sabalanso Rirebuleba;
E–realizaciis moculoba/mTliani aqtivebi;
roca  Z < 2.675, maSin gadaxdisuunarobis dadgoma gardauvalia.
ganxiluli gantoleba altmanis klasikuri, xuTfaqtoriani Z-modelis saxiTaa
cnobili 1968 wlidan. arsebobs agreTve Z’ da  Z’’ modelebic, romlebic gansxvavdeba
koeficientebis mniSvnelobiT da SedgenilobiT [9]. 
fulmeris modeli: firmebis mTliani aqtivebis saSualo moculoba fulmeris SerCeviT 
aris 455 aTasi dolari [9]. modelis sawyisi versia moicavda 40 koeficients. modeli
zustad aprognozebs 98% SemTxvevas erTi wliT adre da 81% SemTxvevas 2 wliT adre.  
modelis zogadi saxe aseTia: 
H = 5,528Х1 + 0,212Х2 + 0,073Х3 + 1,270Х4 – 0,120Х5 + 2,335Х6 +
+ 0,575Х7 + 1,083Х8 + 0,894Х9 – 6,075 (1)
sadac X1 aris gaunawilebeli mogeba wina wlebis/mTliani aqtivebi; X2–realizaciis 
moculoba/mTliani aqtivebi; X3–mogeba gadasaxadebis gadaxdamde/mTliani aqtivebi; X4–ful-
adi nakadi/sruli davalianeba; X5–vali/mTliani aqtivebi; X6–mimdinare pasivebi/mTliani 
aqtivebi; X7–log (materialuri aqtivebi); X8–sabrunavi kapitali/sruli davalianeba; X9–
log (mogeba procentebis da gadasaxadebis gadaxdamde/gadaxdili procentebi).
roca  H < 0 , maSin gadaxdiuunarobis dadgoma gardauvalia.
altmanis modeli Seicavs aqciis sabazro kapitalizaciis maCvenebels da, amgvarad, 
gamoyenebadia mxolod im kompaniebisTvis, romelTa aqciebzec arsebobs sajaro bazari. 
amerikuli kompania, romelsac survili aqvs gamouSvas aqciebi sajaro brunvaSi, valdebulia 
hqondes wliuri realizaciis moculoba minimum 15 mil.dolari. imis gaTvaliswinebiT, rom 
aqtivebis brunva amerikuli ekonomikis umetes dargebSi aris 0.9–1.9 sazRvrebSi. es niSnavs, 
rom aseTi firmis aqtivebis minimaluri zoma Seadgens daaxloebiT 8 milion dolars. 
fulmeris moedli  agebulia amorCeulad SedarebiT mcire firmebisTvis (saSualo 
zoma 455.000 dolari) da igi ar Seicavs sabazro kapitalizaciis maCvenebels [9]. 
fulmeris modelis mdgenelebis angariSi sabuRaltro balansis Sesabamisad: 
Х1 – str. 470 / str. 300 ფ.1 = str. 1370 / str. 1600;
Х2 – str. 010 ფ.2 / str. 300 ფ.1 = str. 2110 / str. 1600;
Х3 – str. 140 ფ.2 / str. 490 ფ.1 =  str. 2300 / str. 1300;
Х4 – str. 190 ფ.2 / (str. 590 + str. 690 ფ.1) = str. 2400 / (str. 1400 + str. 1500);
Х5 – str. 590 / str. 300 ფ.1 = str. 1400 / str. 1600;
Х6 – str. 690 / str. 300 ფ.1 = str. 1500 / str. 1600;
Х7 –log (str. 300 – str. 110 – str. 140 – str. 220 – str. 230 – str. 240 ფ.1) =
log10(str. 1600 - str. 1110 - str. 1150 - str. 1220 - str. 1230); 
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Х8 = (str. 290 - str. 690 ფ.1) / (str. 590 + str. 690 ფ.1) = (str. 1200 - str. 1500) /
(str. 1400 +  str. 1500); 
Х9 = log (str. 140 + str. 070 / str. 070 ფ.2) = log10((str. 2300 + str. 2330) / str. 2330)
sadac, magaliTad, Sedegebi mocemuli 1-el cxrilSi. 
virtualuri firmisTvis fulmeris modeliT miRebuli Sedegebi    cxr.1
სტრ. მნიშვნელობა სტრ მნიშვნელობა 
010 ნაღდი ფული სალაროში ეროვნულ 
ვალუტაში 
1110 არამატერიალური აქტივები 
070 ანგარიში საბიუჯეტო სახსრებით 
ორგანიზაციის საკასო ხარჯებისათვის 
1150 ძირითადი საშუალებები (ფინანსური 
ინვესტიციები) 
110 სხვა ანგარიშები ხაზინაში 1200 სულ საბრუნავი აქტივები 
140 აქციები და სხვა კაპიტალი 1220 დღგ შეძენილ ფასეულობაზე 
190 მოთხოვნები დარიცხული ჯარიმებით, 
სანქციებით და საკუთრებასთან 
დაკავშირებული სხვა შემოსავალი 
1230 დებიტორული დავალიანება 
220 წინასწარ გადახდილი მოგების 
გადასახადი 
1370 გაუნაწილებელი მოგება 
230 სხვა საგადასახადო აქტივი 1400 სულ გრძელვადიანი 
ვალდებულებები 
240 მოთხოვნები ფულადი სახსრების და 
მათი ეკვივალენტების დანაკლისებით 
1500 სულ მოკლევადიანი 
ვალდებულებები 
290 მოთხოვნები არაფინანსური აქტივების 
დანაკლისებით 
1600 სრული აქტივები 
300 ანგარიშვალდებული პირების მიმართ 
მოთხოვნები 
2110 შემოსავალი 
470 მომსახურების მოწოდებით დარიცხული 
ვალდებულებები 
2300 მოგება (ზარალი) დაბეგვრამდე 
490 ვალდებულებები ბარტერით 2330 საპროცენტო გადასახადი 
590 ვალდებულებები მივლინებით ქვეყნის 
გარეთ 
2400 სუფთა მოგება  (ზარალი) 
690 წმინდა ღირებულება (კაპიტალი) 
SeniSvna: magaliTisaTvis gamoyenebul iqna balansis striqonebi (f1:010-690) [65] da 
(f2:1110-2400) [66].   
eqsperimentis saxiT Cvens mier ganxorcielda saqarTvelos teqnikuri universitetis, 
rogorc sajaro samsaxuris organizaciuli firmis gadaxdisunarianobis prognozi 2014 
wlis sabalanso maCveneblebis analizis safuZvelze. gamoyenebul iqna fulmeris (1)-modeli. 
me-2 cxrilSi mocemulia angariSis Sedegebi: 
fulmeris modelis cxrili (stu-2014)                     cxr.2
i Ki Xi Ki*Xi
1 5.528 0.018592 0.1028 
2 0.212 0.298468 0.0036 
3 0.073 0.017933 0.0013 
4 1.270 3.185773 4.0459 
5 -0.120 0.081363 -0.0098
6 2.335 0.02288 0.0534 
7 0.575 6.5 3.7375 
8 1.083 2.568903 2.7821 
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eqsperimentuli gaangariSebis daskvna: vinaidan H > 0, riskis faqtori misaRebia.
amgvarad, organizacia „stu“ gadaxdisunariania.  
3. daskvna
gansakuTrebiT sayuradReboa bankSi sakredito urTierTobebis efeqturi marTva 
iuridiuli pirebis - sawarmoo organizaciebis,  an firmebis mimarTebaSi. safinanso banki 
valdebulia sakredito xelSekrulebis gaformebamde Tavisi auditebis daxmarebiT gaerkvnen 
potencialuri kreditoris sameurneo-safinanso saqmianobaSi, mis gadaxdisunarianobaSi 
garkveuli periodis winswrebiT. am TvalsazrisiT riskebis marTvis saerTaSoriso, 
aprobirebuli meTodebis da modelebis gamoyenebaa saWiro, rogoricaa magaliTad,  VaR,
skorongis, monte-karlos, altmanis, fulmeris an sxva modelebi da meTodebi. IT-samsaxuri
xels unda uwyobdes biznespocesebis, Cven SemTxvevaSi, riskebis analizis da misi Sedegebis 
safuZvelze, swori gadawyvetilebebis miRebas.
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ASSESSMENT OF INFORMATION SECURITY RISKS OF BUSINESS PROCESSES 
FOR FINANCIAL ORGANIZATION AND  IT-SERVICES 
Surguladze G., Odisharia K., Pkhakadze Ts., 
Kekenadze A., Cherkezishvili G. 
Georgian Technical University 
Summary 
Article discusses bank credit risk estimating model VaR (Value at Risk) scoring algorithm, 
Altman and Fullmers models,which are used by bank audit for forecasting solvency of an 
organization (firm). For concrete managing object (for example, Georgian Technical Uversity) the 
usage of Fulmer’s model is calculated and corresponding results are received. This article also 
investigates the „role” of a financial bank risk manager with with it’s functions and is constructed 
an UML language UseCase Diagrams and Activity Diagrams. 
ОЦЕНКА РИСКОВ ИНФОРМАЦИОННОЙ БЕЗОПАСНОСТИ  
БИЗНЕС-ПРОЦЕССОВ ДЛЯ ФИНАНСОВОЙ ОРГАНИЗАЦИИ И ИТ-УСЛУГ 
Сургуладзе Г., Одишария  К., Пхакадзе Ц., 
Кекенадзе А., Черкезишвили Г.  
Грузинский Технический Университет  
Резюме 
Рассматриваются модели оценки кредитных рисков финансовых банков: VaR, алгоритм 
Скоринга, модели Альтмана и Фульмера. Эти модели используются банковскими финансовыми 
аудитамы при прогнозировании платежеспособности кредитуемой организации. Определяется 
роль ИТ-службы с целью оценки кредитных рисков соответствующих бизнес процессов. В 
качестве конкретного объекта управления рассматривается пример Грузинского технического 
университета и на основе модели Фульмера расчитаны соответствущие значения кредитных 
рисков.     
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programuli danarTis arqiteqtura da  RIA-aplikaciebis  
daproeqteba 
nino kivilaZe 
saqarTvelos teqnikuri universiteti  
reziume 
ganixileba RIA-aplikaciebis arqiteqtura, misi komponentebi da agebis fundamenturi 
koncefciebi. gamovlenilia arqiteqturis dagegmvis zogadi safexurebi da rekomendaciebi. 
warmodgenilia programuli danarTis logikur doneebad dayofis midgomis upiratesobebi da 
RIA arqiteqturis specifika. mocemulia arqiteqturuli standartebis analizi Ms Silverlight 
aplikaciebTan mimarTebaSi. realizebulia tradiciul da RIA-arqiteqturaTa Sedareba. 
sakvanZo sityvebi: RIA-aplikacia. Sreebis arqiteqtura. monacemTa wvdomis done. biznes-
logikis done. prezentaciis done. MVVM.. Command-obieqti. asinqronuli gamoZaxeba. 
1. Sesavali 
programuli aplikaciis arqiteqtura aris struqturuli gadawyvetilebis procesiT 
gansazRvruli programuli sistemis organizaciebis Sedegi, romelic akmayofilebs aplikaciis 
mimarT wayenebul yvela teqnikur da funqciur moTxovnilebas [1]. amasTan erTad miRweulia 
maRali xarisxobrivi maxasiaTeblebi, rogoricaa usafrTxoeba, marTvadoba da siswrafe. yovel 
miRebul gadawyvetilebas ganapirobebs mravali gare faqtori da TiToeul maTgans zegavlena 
aqvs programuli danarTis warmatebaze. sxva nebismieri kompleqsuri struqturis msgavsad, 
programuli danarTi unda aigos myar safuZvelze. naSromSi ganixileba RIA-aplikaciebis 
arqiteqtura da misi fundamenturi koncefiebi, yuradReba gamaxvilebulia aplikaciaSi 
ZiriTadi elementebisa da komponentebis gamoyenebasa da maT urTierTkavSirze. programuli 
danarTis arqiteqturis principebis gaTvaliswinebiT gamovlenilia RIA-arqiteqturis 
SemuSavebis meTodologia da modelebi. bolos ki moyvanilia Command-arqiteqturis 
realizacia Silverlight-aplikaciaSi.  
2. programuli danarTis arqiteqtura 
programuli danarTis arqiteqturas xSirad ganmartaven, rogorc sistemis organizebis 
process, sadac sistema specifiuri funqciis Semcveli komponentebis koleqciaa. sxvagvarad 
rom vTqvaT, arqiteqtura fokusirdeba komponentebis organizebaze, raTa maT implementacia 
gaukeTos specifikur logikur funqcias [2]. funqciis organizebas xSirad uwodeben 
komponentebis dajgufebas interesis arealSi (Areas of Concern). 1-el naxazze naCvenebia 
aplikaciis zogadi arqiteqtura, sadac komponentebi gadanawilebulia sxvadasxva logikur 
arealSi. garda komponentebis dajgufebisa, gamoyofilia „zogadi funqcionalis areali", 
romelic fokusirdeba komponentebis urTierTkavSirze da erTobliv muSaobaze. programuli 
danarTis logikur doneebze gadanawileba gulisxmobs erTmaneTTan dakavSirebuli funqciis 
calkeul logikur SreebSi (Layer) gaerTianebas. es Sreebi erTimeoreze vertikalurad aris 
dalagebuli. TiToeuli Sris funqcionali atarebs raime erT konkretul daniSnulebas da 
Sreebs Soris mimdinareobs informaciis mimocvla, komunikacia. programuli danarTis 
gadanawileba logikur  SreebSi Tavidan gvaridebs koncefciebis mWidro  gadajaWvulobas da 
SedarebiT ioli samarTavia.  
logikuri Sreebis arqiteqtura muSaobis principiT waagavs amobrunebul piramidas: 




Transactions. GeorgianTechnicalUniversity. AUTOMATED CONTROL SYSTEMS -  No 1(21), 2016 
 
aplikaciis logikuri Sreebi 
SeiZleba imyofebodes erTsa da 
imave fizikur kompiuterze an 
gadanawilebuli iyos ramdenime 
kompiuterze (N-Tier). N-Tier 
ganawilebis SemTxvevaSi Sreebs 
Soris komunikacia xorcieldeba 
mkafiod gansazRvruli interfei-
siT. tipiuri veb-aplikaciis arqi-
teqturuli dizaini Sedgeba: 
prezentaciis, bizneslogikis da 
monacemTa saTavsosTan wvdomis 
(Data Layer) doneebisgan [1]. 
• prezentaciis done (Presenta-
tion Layer). es done Sedgeba  
momxmarebelze orientirebuli 
funqciisgan, romelic pasuxismge-
belia momxmareblsa da sistemas 
Soris urTierTqmedebaze. prezen-
taciis done xidis rols TamaSobs 
da momxmarebels awvdis biznes-
logikis doneze aRweril ZiriTad 
funqcionals. 
• biznes-logikis done (Business Layer). am doneze implementirebulia sistemis ZiriTadi 
funqcia da inkafsulirebulia Sesabamisi logika. zogadad, biznes logikis done Sedgeba 
komponentebisgan, romlebic iZleva servisis interfeisebs, raTa sxva gamomZaxebelma sistemebma 
SeZlos maTi gamoyeneba. 
• monacemTa wvdomis done (Data Layer). am doneze uzrunvelyofilia sistemis farglebSi 
dahostil monacmTa saTavsoebze da sxva sistemebis mier mowodebul monacemebze wvdoma 
(SesaZloa es wvdoma servisebis gavliT xdebodes). monacemTa wvdomis done iZleva Generic 
tipis interfeisebs, romlebsac moixmars bizneslogikis donis komponentebi. 
3. RIA aplikaciebis daproeqteba 
termini RIA-aplikacia iTargmneba rogorc „mdidari" internet aplikacia ("Rich Internet 
Application"). ganvixiloT RIA-aplikaciebis ZiriTadi daniSnuleba, gavaanalizoT misi 
komponentebi da RIA arqiteqturis SemuSavebis ZiriTadi rekomendaciebi [4]. 
RIA aplikacia uzrunvelyofs mdidar grafikul samomxmareblo interfeiss da Streaming 
Media servisebs, amavdroulad, gaaCnia veb-aplikaacisTvis damaxasiaTebeli Tvisebebi: veb-
serverze ganTavsebis siiole da Semdgomi mxardaWera. RIA-aplikaciebi eSveba brauzeris Plug-
In garemoSi, riTac gansxvavdeba sxva veb-teqnologiebisgan, romlebic iyenebs brauzeris kods 
(magaliTad, AJAX teqnologia). termini Plug-In aRwers kompiuterul programas, romelic 
xels uwyobs sxva programuli danarTebis muSaobis gaumjobesebas an funqciis gamdidrebas. 
tipuri RIA-implementacia veb-infrastruqturas iyenebs klientis-mxaris aplikaciasTan 
erTobliobaSi, romelic prezentaciis dones uzrunvelyofs. brauzeris Plug-In danamati 
nax.1. erTgverdiani aplikacis  
(Single Page Application - SPA) muSaobis sqema 
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iZleva mdidar grafikul interfeisTan samuSao biblioTekebs da konteineris rols TamaSobs, 
raTa usafrTxoebis dacvis mizniT, lokalur resursebze SezRudos wvdoma. RIA-aplikaciebs 
axasiaTebs ufro kompleqsuri da mdidari klienti mxaris (Client-Side) kodis mxardaWera, 
vidre SesaZlebeli iyo tradiciuli veb-aplikaciebisTvis, ris Sedegadac veb-serverze 
datvirTva msubuqdeba da nawildeba klientis manqanaze. me-2 naxazze naCvenebia tipiuri RIA-
implementaciis struqtura. 
tipuri RIA-aplikacia danawi-
lebulia 3 logikur doneze: 
prezentaciis, biznes-logikis da 
monacemTa wvdomis. prezentaciis 
done Seicavs samomxmareblo inter-
feiss (UI) da prezentaciis logikis 
komponentebs; biznes-logikis done 
Seicavs biznes-logikas, samuSao 
procesebs da biznes-erTeulebs; 
monacemTa wvdomis done Seicavs 
monacemTa wvdomis da servis-agent 
komponentebs. 
RIA-aplikaciis daproeqtebis 
dros gasaTvaliswinebelia zogadi 
midgomebi, romelic SemuSavebulia 
RIA komponentebTan mimarTebaSi. 
ganvixiloT arqiteqturuli 
rekomendaciebi TiToeuli mniSvne-
lovani arealisTvis [2]. 
• bizneslogikis done. umravles scenarebSi RIA-aplikaciebi  ukavSirdeba monecemebs. 
monacemTa saTavsoebi aplikaciis gareTaa. miuxedavad imisa, rom informaciis natura 
gansxvavdeba, misi miReba xSirad biznessistemidan xorcieldeba. usafrTxoebis mizniT ar unda 
davuSvaT sensituri bizneslogikis dauSifravad ganTavseba klientis mxares. XAP failebi 
gadmoweradia da kodis dekompilaciis procesi sakmaod iolia. amitom, rekomendebulia aseTi 
informaciis implementireba serveris mxares da masze wvdomis daSveba veb-servisebis gavliT; 
• komunikacia. RIA implementaciebSi rekomendebulia servisebze asinqronuli gamoZaxebis 
modelis gamoyeneba, raTa Tavidan aviciloT brauzeris procesebze blokis dadeba. kros-
domein, protokolisa da servisebis efeqturad muSaobis sakiTxebi arqiteqturis nawili da 
gansaxilveli sakiTxia. Tuki RIA-implementacia amis saSualebas iZleva, rekomendebulia 
sxvadasxva operaciisTvis gansxvavebuli Thread garemos gamoyeneba; 
• prezentaciis done. RIA aplikaciebi eSveba brauzerSi da amrigad, Semoifargleba 
brauzeris SesaZleblobebiT. amitom maTi muSaoba optimaluria erTiani, saerTo centraluri 
interfeisis arsebobis pirobebSi. mravli gverdis Semcveli programuli danarTebi damatebiTi 
samuSaoebis Catarebas saWiroebs, raTa daigegmos kavSiri gverdebs Soris; 
• validacia - SesaZlebelia klientis mxaris kodis an serverze ganTavsebuli servisebis 
saSualebiT. Tu klientis mxares trivialur validaciebze meti funqcionali gvesaWiroeba, 
rekomendebulia validaciis logikis izolireba damoukidebel, CamotvirTvad krebulSi 
(Assembly). es aiolebs bizneswesebis marTvas.  
nax.2. RIA aplikaciis arqiteqtura 
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• programuli danarTis serverze ganTaseba (Deployment). radgan RIA-aplikaciebs gadaaqvs 
prezentaciis logikis asli klientis manqanaze, programuli uzrunvelyofis ganTavsebis 
dros yvelaze misaRebi scenaria ganawilebuli arqiteqtura. ganawilebul serverebze 
ganTavsebis dros prezentaciis logika klientis manqanaze imyofeba; biznes-logika SesaZloa 
imyofebodes klientis manqanaze, serverze an gaziarebuli iyos serverzec da klientzec. 
monacemTa wvdomis done imyofeba veb-serverze an Application-serverze. zogadad, bizneslogikis 
nawili gadagvaqvs klientis mxares, riTac 
programuli danarTis warmadoba da siswrafe 
izrdeba. am SemTxvevaSi bizneslogikisa da 
monacemTa wvdomis doneebi gavrcobilia 
klientis manqanasa da Application-serverze, 
rogorc me-3 naxazzea ilustrirebuli. 
 
 
4. RIA aplikaciebis Sesabamisi arqiteqturuli standartebi 
ZiriTadi standartebi (Design Pattern) organizebulia kategoriebad seqciebSi: Sreebi 
(Layers), komunikacia (Communication), kompozicia (Composition), prezentacia (Prezentation). 
am standartebis gaTvaliswinebiT vxelmZRvanelobT arqiteqturuli gadawyvetilebebis 
arCevisas (1-eli cxrili). 
 RIA-aplikaciebSi gamoyenebuli arqiteqturuli tandartebi             cxr.1 
kategoria Sesabamisi standarti (Design Pattern) 
Sreebi  
(Layers) 
Service Layer. arqiteqturuli standarti, romelSic servisis interfeisi da 
implementacia gaerTianebulia erT logikur Sreze(Layer). servisi 
implementirebulia WCF teqnologiiT. 
komunikacia 
(Communication) 
Asynchronous Callback. grZelvadiani samuSaoebis gancalkevebul  Background 
Thread  fonze gaSveba da Callback funqciiT Sesrulebuli samuSaos 
rezultatebis amokiTxva. 
Command. moTxovnis damuSavebis logikis inkafsulacia Command obieqtSi, 
romelic iZleva Common Execution Interface garemos. 
kompozicia 
(Composition) 
Composite View. individualuri View gverdebis gaeTianeba kompozitur View-Si. 
Inversion of Control. obieqtebis sxva obieqtebze/komponentebze 
damokidebulebebis aRwera, romelTa implementacia savaldebuloa, raTa 
mocemuli obieqtis gamoyeneba SesaZlebeli gaxdes programul danarTSi. 
prezentacia 
(Prezentation) 
Application Controller. obieqti, romelic Seicavs sruli samuSao procesis 
logikas da gamoiyeneba sxva komponentebis mier, romlebic muSaoben Model 
obieqtTan da asaxaven Sesabamis View prezentacias. 
Supervising Presenter. prezentaciis donis struqturis gadanawileba sam 
damoukidebel rolSi: View pasuxismgebelia momxmareblTan urTierT-kavSirze 
(User Input); monacemTa bmis meqanizmiT gamoaqvs Model komponentis informacia, 
xolo Model komponentSi inkafsulirebulia biznes-logika; Presenter obieqtSi 
implementirebulia prezentaciis logika. 
Presentation Model. warmoadgens Model-View-Presenter(MVP) arqiteqturuli 
standartis variacias da Seqmnilia Tanamedrove samomxmareblo interfeisebis 
development-platformebisTvis, sadac View grafikuli dizaineris daniSnulebas 
ufro atarebs, vidre programuli logikis. 
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5. arqiteqturuli standarti - Command 
Command - arqiteqturuli standarti Semomaval moTxovnebze sapasuxo logikas 
aerTianebs erT obieqtSi. Command obieqtis gamoZaxeba moTxovnis SemosvlisTanave xdeba. am 
arqiteqturuli midgomis mTavari damaxasiaTebelia ama Tu im programuli logikis 
Sesasruleblad saWiro informaciis Tavmoyra erT obieqtSi. Tavad obieqti ar asrulebs 
raime operacias, igi mxolod informacias Seicavs [5]. me-4 naxazze moyvanili diagrama aRwers 
Command standartis realizebas. diagrama Sedgeba xuTi klasisgan: 
• klienti (Client) klasi – Command arqiteqturis momxmarebelia. igi qmnis Command 
obieqts da akavSirebs mimRebTan (Receiver); 
• mimRebi (Receiver) klasi – icis Tu rogor unda ganaxorcielos Semomaval moTxovnasTan 
dakavSirebuli operaciebi; 
• CommandBase abstraqtuli klasi – (an interfeisi) yvela Command obieqtisTvis. igi 
Seicavs informacias Tu romeli mimRebi (Receiver) aris pasuxismgebeli Command obieqtSi 
inkapsulirebuli operaciebis Sesrulebaze; 
• konkretuli implementacia (ConcreteCommand) – aris CommandBase abstraqtuli 
klasis (an interfeisis) konkretuli implementacia. 
• gamomZaxebeli (Invoker) – obieqtia, romelic wyvets Tu rodis unda gaeSvas Command 
obieqti. 
6. daskvna 
RIA-arqiteqtura interaqtiuli grafikuli samomxmareblo interfeisis mqone Web-
aplikaciebis SesamuSavebelad saWiro principebis nakrebia. igi SemuSavebulia veb-saitebisa da 
desktop-aplikaciebis saukeTeso praqtikebis safuZvelze. RIA-aplikaciebSi procesebi 
sruldeba asinqronulad da momxmarebels ar uwevs lodini veb-gverdTan muSaobisas. garda 
amisa, bizneslogikis nawili sruldeba klientis mxares, rac amsubuqebs serverze datvirTvas 
da zrdis programuli danarTis Sesrulebis siswrafes. RIA arqiteqturis gamoyeneba karg 
Sedegs iZleva 1-el cxrilSi mocemuli arqiteqturuli standartebis safuZvelze. Command 
arqiteqturuli standartis gamoyenebiT moTxovnebze sapasuxo logikis inkafsulireba xdeba 
erT damoukidebel obieqtSi. 
nax.4. Command ariteqturuli standartis implementacia 
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WEB APPLICATION ARCHITECTURE. DESIGNING RIA APPLICATIONS 
Nino Kiviladze 
Georgian Technical University 
Summary 
This article gives an information about designing the RIA implementations and its fundamental 
concepts. It provides the general stages of software architecture planning and recommendations for each 
layer. This paper makes comparison between standard web application architecture and RIA application 
implementations. We discuss benefits of designing RIA-applications in combination with software design 
patterns, such as: Command object, Asynchronous Callback, Service Layer, Composite View, Model-
View-Presenter Model. At the end of the article, we provide an UML diagram, showing an implementation 
of command design pattern used in RIA-applications.  
 
 
АРХИТЕКТУРА ПРОГРАММНОГО ПРИЛОЖЕНИЯ И ПРОЕКТИРОВАНИЕ  
RIA-АППЛИКАЦИЙ 
Кивиладзе Нино 
Грузинский Технический Университет  
Резюме 
Рассматриваются архитектура RIA аппликаций и ее фундаментальные концепции. 
Выявлены общие шаги планирования и рекомендации. Представлены преимущества подхода 
деления на логические уровни программного приложения и специфика  RIA архитектуры. 
Предлагаются результаты анализа архитектурных стандартов по отношению к аппликациям   
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virtualizacia monacemTa damuSavebis centrebSi 
giorgi CerqeziSvili 
saqarTvelos teqnikuri universiteti 
reziume 
ganxilulia virtualuri garemos agebis principebi da upiratesobebi fizikur 
serverebTan mimarTebaSi. mocemulia VMware, Oracle da Linux ganawilebuli sistemebi 
virtualur garemoSi. Peqsperimentuli magaliTisa da dakvirvebis Sedegad SemoTavazebulia 
rekomendacia garkveuli problemebis gadasaWrelad. 
sakvanZo sityvebi: virtualuri manqana. serveri. virtualizacia. klasteruli 
struqtura. monacemTa damuSaveba. 
1. Sesavali 
termini „virtualizacis“ kompiuterul teqnologiebSi gaCnda gasuli saukunis 60-
ian wlebSi „virtualuri manqanis“ terminTan erTad, romelic niSnavs aparaturul- 
programuli platformis virtualizaciis produqts [1,2]. im droisTvis virtualizacia 
iyo ufro saintereso teqnikuri aRmoCena, vidre perspeqtiuli teqnologia. 60-70-ian 
wlebSi virtualizaciis sferoSi ganviTareba xdeboda mxolod IBM kompaniis mier. 
gasuli xuTi wlis ganmavlobaSi operaciuli sistemebis virtualizacia Zalian 
ganviTarda rogorc teqnologiurad, aseve marketingul sakiTxSic. erTis mxriv, 
virtualizaciis produqtebis moxmareba gaxda ufro advili, isini ufro saimedo da 
funqcionaluria, xolo meores mxriv, aRmoCnda rom virtualuri manqanebi SeiZleba 
gamoyenebul iqnas sxvadasxva sferoSi.  
virtualizaciis gamoyenebis sfero unda ganvsazRvroT rogorc „adgili“, sadac aris 
kompiuteri, magram am droisaTvis unda aRvniSnoT virtualizaciis produqtebis gamoyenebis 
Semdegi variantebi [1]:  
1. serverebis konsolidacia; 
2. eleqtroenergiis da gagrilebis xarjebis Semcireba; 
3. ekologiurad sufTa datacentrebi; 
4. montaJis da administrirebis simartive; 
5. maRali wvdomadoba da avariebis Semdgom aRdgenis simartive; 
6. ekonomia aparaturuli uzrunvelyofis SeZenaze. 
servisebi, romlebic am etapze muSaobs ama Tu im serverze, qmnis garkveul datvirTvas, 
ris gamoc SesaZlebelia, romelime serveri gamovides mwyobridan da saWiro gaxdes misi 
`restarti“. am process daaxloebiT 4-5 wuTi sWirdeba. virtualizaciis pirobebSi misi 
restarti 70-80 procentiT mcirdeba. aseve, Tu gvaqvs klasteruli struqtura, maSin  
virtualizacis gamoyenebiT SegviZlia yvela servisi, romelic muSaobs aRniSnul serverze, 
gadavitanoT sxva serverze da movaxdinoT misi xelaxali gaSveba. am SemTxvevaSi sistemis 
sruli gaTiSva nulis tolia. 
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2. ZiriTadi nawili 
 
sailustracio magaliTis saxiT ganvixiloT Semdegi amocana. gvaqvs oraklis sami baza 
virtualur manqanaze da fizikur manqanebze [3]. virtualur manqanis SemTxvevaSi es samive 
baza iqneba erT serverze, xolo fizikuri manqanis SemTxvevaSi misTvis saWiroa sami 












virtualizaciis pirobebSi amis gadawveta ufro martivia. movigebT saservero adgils,  
resurss da danaxarjebs. Tu rogor keTdeba es detalurad ganxilulia mokled.  
pirvel rigSi varCevT servers Tu ra resursi aqvs. am etapze gamoviyenebT HP G7 
serverebs. SerCevis Semdeg saWiroa masze dayendes ESXi. Cven SemTxvevaSi davayeneT VMware 


















dResdReobiT kompania VMware atarebs VMware Server 2.0 ufaso virtualizaciis 
platformis beta-testirebebs, romelic aris kargi gadawyvetileba, raTa gamoicados 
virtualizacia muSaobaSi da Caataros virtualuri serverebis sacdeli eqspluatacia.  
ESXi Sedgeba ori ZiriTadi komponentisagan - hipervizori da Linux [5-7]. aq linuqsi 
Zalze mcire zomisaa da praqtikulad lokalurad veraviTar funqcias ver asrulebs.  
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mTeli ESXi eteva 30 megabaitSi da ara 1,5 gigabaitSi, iseve rogorc ESX [5]. am 
virtualur manqanebs sabolood eqneba aseTi saxe VMware vSphere Client-Si (nax.3). 
 
nax.3 
aqve gvaqvs SesaZlebloba davajgufod bazebi da aplikaciebi, ris saSualebac aqvs 
vCenter-s iqneba es resourse pool an vApp.  da TiToeulis SinniT SevyaroT Cveni virtualuri 











Catarebulma eqsperimentma gviCvena, rom, moxmarebis TvalsazrisiT, SedarebiT 
mosaxerxebelia vApp-is gamoyeneba, radgan masze manipulireba ufro martivia. magaliTad, 
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SesaZlebelia erT vApp-Si arsebuli yvela virtualuri manqana erTdroulad gaiTiSos an 
CairTos. rogorc vxedavT, samive virtualuri manqana Seqmnilia da maTze ukve SesaZlebelia 
linuqsis dayeneba. ganisazRvreba konfiguracia da dayendeba ukve Oracle.  
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VIRTUALIZATION IN DATA CENTERS 
Cherkezishvili Giorgi  
Georgian Technical University 
Summary  
In the paper discusses the advantages and principles of the physical servers in a virtual 
environment. The VMvare, Oracle and Linux virtual environment for distributed systems. With practical 
examples and observations there are some recommendations for solving the problems.   
 
ВИРТУАЛИЗАЦИЯ В ЦЕНТРАХ ОБРАБОТКИ ДАННЫХ 
Черкезишвили Г. 
 Грузинский Технический Университет   
Резюме 
 
Рассматриваются принципы создания виртуальной среды и ее преимушества по 
сровнению с физической. Предлагается расспределение VMware, Oracle и Linux систем в 
виртуалой среде. На практическом примере в результате экспериментальных наблюдений 
предложены рекомендации для устранения конкретных проблем. 
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